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PREFACE. 



The object of the present work is mainly to place before the 
Architectural Student, in a concise and practical fomiy 
correct methods of designing the Constructional Iron and 
Steel Work now so generally used in all classes of buildings ; 
and it is believed that the volume will be found acceptable, 
not only by Students, but by many Architects in actual 
practice, and by persons engaged in Building. For any one 
who is concerned in this branch of Engineering, it is impos- 
sible to overlook the fact that it has not hitherto received 
the attention from Architects which it deserves ; its im- 
portance is paramount, for if the constnictional part of a 
fabric fails all must become a ruin; and it is therefore 
incumbent upon those preparing to practise as Architects, 
to make themselves acquainted with the theoretical laws 
of stress and strength, and with the practical conditions 
upon which depends the safety of the buildings they are 
commissioned to design. 

I have endeavoured throughout to explain everything in 
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the easiest manner, and where mathematical investigation 
is indispensable to present it in the simplest form consistent 
with reaching the issues in view. 

The examples taken for illustration are such as occur in 
actual practice, and they are worked out in the same way 
as they would be in the Architect's or Constructional Engi- 
neer's office. 

In order to follow properly those passages which deal 
with English and foreign rolled girders and joists, it will be 
necessary for the reader to furnish himself with tables of 
weights and strengths such as are issued by the different 
manufacturers and their agents, for without these, or sheets 
of sectious^ the sizes required for any particular purpose 
cannot be selected. These tables are to be found in most 
Architects' offices, as the manufacturers are naturally 
anxious to give all information that may lead to business, 
so that in this respect the articled pupil is not likely to find 
any difficult3^ 

FRANCIS C AMPIN. 
London, 1896. 
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CONSTETICTIONAL IRON AND 

STEEL WORK 



INTRODUCTION. 

Many of the diflSculties by which architects and builders 
were formerly beset in the designing and execution of large 
structures intended to carry heavy floor loads, have been 
swept away by the adoption of iron and steel as materials 
for the constructional parts of such fabrics. The thick walls, 
which formerly occupied much of the floor room of ware- 
houses and railway dep6ts, have given place to a skeleton of 
columns and girders which support everything within the 
external walls, and allow a freedom of movement and extent 
of ventilation previously unattainable. 

The use of such materials as iron and steel demands 
increased accuracy in the preparation of plans, and a more 
rigid adherence to them in the execution of the work than 
when brickwork and timber alone are relied upon ; in the 
latter case, if a slight alteration occurs in the brickwork the 
timber joists are easily sawn shorter, or may be put in stock 
and longer ones supplied without serious loss, but the cutting 
of an iron or steel girder is a diflerent matter and adds a 

B 



2 CONSTRUCTIONAL IRON AND STEEL WORK. 

very noticeable percentage to the cost of the work, especially 
if it has to be done on the site of the building. 

If a large building is to be erected into the structural parts 
of which iron, or steel, or both, enter as the leading material, 
the most economical course to pursue is to order the girders 
from the rolling mills, where they can be cut oflF to the re- 
quired lengths without extra cost ; but this cannot be done 
at short notice, and therefore the plans of the work should 
be absolutely settled in every detail before active opemtions 
are commenced ; the tentative way of building — designing 
as you go on — is totally inappropriate in any structure in 
which iron or steel is to be used, nor is there any need for 
it if competent men are employed upon the plans, for it is 
to be presumed that works of importance are not projected 
without their requirements and uses being known to the 
projectors, and this being the case, the rest is a mechanical 
adaptation of the structural elements to the positions in 
which they must be placed to support the superstructure. 
Frequently complicated combinations of girders must occur, 
but. there will be no difficulty in designing them, if the 
general arrangement has been properly considered, and the 
dimensions are absolutely fixed. 

It is not only in the preparation of the floor plans that 
this careful prevision is to be exercised, but also in the 
vertical section of the building. As will be shown in a sub- 
sequent chapter, the depth of an iron or steel girder should 
bear a certain proportion to its span, below which it is 
injudicious to let it fall, and from an economical point of 
view the greater the load the deeper should the girder be for 
a given span. Then, again, if other circumstances are the 
same the deflection of the girder will vary inversely as its 
depth; and this matter of deflection causes considerable 
anxiety in the case of long spans in any building which has 
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finished and ornamental ceilings, as any material vibration 
is apt to crack them. The thicknesses of the floors must 
therefore evidently be determined with due regard to the 
spans of the girders required to run through them, though 
of course it is not necessary that main girders should be kept 
within that thickness, as they may project below and, if the 
nature of the building demands it, be encased in ornamental 
work, and so divide the ceiling into a series of bays. 

In a general way buildings of the kind here dealt with 
may be divided into two classes : those in which the floors, 
and perhaps some of the walls, are carried on girders and 
iron or steel joists, supported upon brick or stone walls or 
piers ; and those in which the superincumbent load comes 
upon stanchions or column? running down to the ground and 
there resting on their own foundations. In the latter case 
the work should be so arranged that the loads come en- 
tirely upon the stanchions in every case, and not, where a 
stanchion happens to be enclosed in a wall or pier, partly 
on the stanchion and partly on the wall ; when occurring in 
such positions the stanchions may be enclosed in the brick- 
work, but should be free, not built into it, then any settle- 
ment of the walls will be independent, and they also will not 
be aflected by stresses upon the main elements of the 
structural iron work. This I know is contrary to general 
practice, but it is so obviously the correct course to pursue 
that further argument is unnecessary, especially as in many 
such matters convenience of execution often overrides con- 
structional accuracy. 

There is one point I would here strongly impress upon the 
architectural student, and that is, that in matters purely 
constructional he should not be biassed by appearances ; he 
cannot tell the strength of a column, or girder, or a connec- 
tion, by looking at it, and a little paint will cover a serious 
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defect. The full force of this observation will be seen when 
the subject of joints and connections is reached. In those 
buildings of which the main structural elements only are of 
iron or steel the difficulty about dimensions will not be so 
apparent, as the general plan is not likely to be departed 
from after the foundations are put in ; it is in the internal 
details that trouble may arise.. 

If wood joists are used, these can be cut and trimmed 
about to suit altered spans and altered arrangements of stair- 
cases and lift openings, without serious increase of expense ; 
but where concrete floors are used, carried upon rolled iron 
or steel joists, the case is very different, for the floor becomes 
a net-work of metal joists, each one of which should be sent 
to the site of such length that it will pass into its place with 
sufficient bearing on the main girder, but not too long to be 
placed without cutting. 

Men who have been employed all their lives upon brick- 
work are not in the habit of thinking much of an inch either 
way, but an inch out, in some floors carried on metal joists, 
when these run between girders — not over them — is a very 
serious matter. Without going into details here, I wish to 
impress on the mind of the student the gravity of matters 
apparently insignificant, but in practice calling for very 
close observation. 

Assume that the plan of a floor intended to be made of 
metal joists filled in with concrete, and carried by main 
girders into which the joists run, being there supported on 
the bottom flanges, or on angle irons riveted to the webs, to 
have been delivered to the general contractor for a large 
building, and a copy of that plan sent to the constructional 
engineers ; the latter will order the joists to the dimensions 
shown on such plan, and if the bearing is, say, three inches 
from the web of the main girder, will allow one inch play 
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in the length of the joists, that is half an inch at each end, 
sufficient to allow their being swung into place without jam- 
ming against the webs of the girders ; this would leave the 
joists two and a half inch bearing at each end. Now if one 
main girder is one inch out of position, the joists will be 
jammed on one side, and left with short bearing on the 
other side of such girder, and if the displacement is more 
than one inch, some of the joists must be cut. 

The arrangement of constructional iron and steel work 
cannot be thoroughly dealt with, unless the other materials 
in conjunction with which it is used receive due considera- 
tion, and the nature of such matenals will determine how 
far iron and steel shall enter into the construction of any 
particular building ; for instance, if a large building is to be 
erected in a district where granite is available at a moderate 
cost, ii'on stanchions which would otherwise be necessary to 
take the load off the external walls would not be required, 
though they might be indispensable if brick were the 
material to be used. 

The distribution of the floor loads upon the walls must be 
very carefully watched, for it is a widely different thing to 
spread the weight of a heavily loaded floor along a wall by 
using joists at a moderate distance apart, say two feet, to 
concentrating the load from a considerable floor area upon 
main girders, placed at distances of ten feet along the wall. 
In the latter case the wall may be strengthened by piers 
upon which the ends of the main girders rest ; but then 
another danger is incurred, which is that there being a con- 
siderable load upon the piers, and but little on the walls, the 
subsidence of the former may lead to cracks and dislocations. 
To obviate this a proper foundation is to be built under each 
pier, one which shall so spread the load that the settlement 
of the piers will not exceed that of the walls. 
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How far it may be safe, or even economical, to concen- 
trate loads will depend upon the nature of the subsoil upon 
which the structure rests, and this must also be considered 
in preparing the preliminary designs. The architect who 
would evolve a perfect structure must, from the inception of 
the design, regard the exigencies of every trade which will be 
employed in the execution of the work. 



CHAPTER I. 

HATEEIALS. 

The materials with which we shall have principally to deal 
are, cast iron and wrought iron and steel. Cast iron is 
especially suitable for columns and stanchions on account of 
its rigidity and high resistance to compressive stress, but the 
wrought metal is more suitable for tensile and bending 
fitresses, as not only is its resistance greater under such 
stresses, but from its malleable character it is not liable to 
snap or break without warning. 

Cast Iron. — The qualities of cast iron are very numerous 
and are generally designated from the district in which the 
ore is obtained, but they are all comprised under two classes, 
" hot-blast " and *' cold-blast " iron, according to whether a 
heated or a cold blast of air is used in working the furnaces. 
The " pig " iron is usually classified by numbers, that con- 
taining the most free carbon being No. 1, and other numbers 
up to seven are used to indicate less proportions of carbon 
or graphite. No. 1 pig shows a coarse, granular fracture, 
with large dark grey scales, and when melted it is very fluid. 
Castings made from this are very soft, and it is chiefly used 
for mixing with other qualities of metal. A mixture of 
numbers 1, 3 and 4, makes a very good casting, it is close- 
grained and hard. The higher numbers are not used in the 
foundry, but are made for manufacture into wrought iron. 
Scotch iron is considered the best for foundry purposes ; it 



^1 



8 CONSTRUCTIONAL IRON AND STEEL WORK. 

is strong aud uDiform in quality, and will mix well with 
other brands. Cleveland iron is harder than Scotch iron, 
and not so strong. It is much used in the Cleveland dis- 
trict, a mixture of Nos. 1 and 3 being suitable for large 
work. Lincolnshire iron is very similar to Cleveland. 
Cumberland " hematite " iron is generally used for steel- 
making, but it is also employed to improve other irons for 
foundry use ; it is very tough and strong, but does not run 
well when melted by itself; a little mixed with good Scotch 
irons makes a strong mixture. The best-known cold-blast 
iron is the Blenavon, it shows great strength and fineness 
of grain, and is used to close the grain and increase the 
strength of other irons. 

All cast iron is improved by remelting up to ten to twelve 
times, but after this, remelting will diminish its strength. 
For thick plain castings, wrought-steel scrap — shearings and 
punchings of boiler plates — may be added to the cast iron 
up to about 10 per cent. 

The variations in strength of different samples of cast 
iron have a very wide range ; its tensile resistance varies 
from 4-85 to 14 tons per sectional square inch, and its crush- 
ing resistance from 22*5 to 58 tons. 

Averages of strength are of course utterly useless for 
practical purposes where each casting must be strong enough 
for the duty assigned to it ; therefore the quality of iron to 
be used must be decided upon before the work is designed, 
and in large work sample bars should be cast at the same 
times and from the same charges as the columns or other 
elements of the structure, and subsequently tested to ascertain 
if the quality of the material is up to the standard fixed 
upon. 

For our purposes the cast iron should not break under 
tension at less than 7 tons per sectional square inch, and a 
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short block should not crush with less than 38 tons per 
square inch. In transverse strength a bar 2 inches deep by 
1 inch wide, supported at the ends with a clear span of 3 
feet, should not break under a less central load than 24 cwt. 
Cast iron is incapable of permanent extension, and therefore 
when its limit of elasticity is reached, it breaks suddenly in 
tension, or under transverse stress, though under com- 
pression it may give some warning by cracking. 

Wrought iron and steel will stretch or become otherwise 
crippled before actually breaking asunder, and this con- 
stitutes their great advantage under transverse and tensile 
stresses, because when they are used the fear of a sudden 
catastrophe does not exist. 

It is not only the great resistance of cast iron which makes 
it so suitable for columns, but also the fact that it can be cast 
into any required shape, to receive girder ends which it is 
required to support, and lugs may be cast in any position 
for the attachment of the bars and struts. Connections can 
thus be easily made, which with wrought iron or steel would 
be impracticable. The resistance of cast iron to shearing 
stress — such, for instance, as that which would tend to shear 
or split a bracket off the side of a column or stanchion, is 
about 12 tons per sectional square inch for metal of the 
quality indicated above. 

In designing castings the thicknesses should be kept as 
nearly uniform as possible, and any variations from one 
thickness to another should be gradual, as sudden changes 
are apt to lead to cracks occurring through inequality of con- 
traction in cooling. 

Wrought Iron in the form of plates ; bars, flat, angle, 
tee and channel ; and rolled joists and girders, is largely used 
in constructional engineering. For comparatively short 
spans the rolled joists are more economical than girders built 
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up with plates and angle irons, as the labour of punching or 
drilling and riveting is all saved, but solid girders cannot at 
present be rolled deep enough to be used with very long 
spans. 20 inches is about the maximum depth for a rolled 
girder, and this should not be used for a span much over 
30 feet. Iron girders and joists are not rolled in England 
or Scotland, and when used are obtained from Belgium or 
Germany. 

Wrought iron is made in this country by the process of 
puddling, from cast iron. This process consists briefly in 
working molten cast iron about in contact with air until the 
carbon and other impurities are burnt out of it, when it 
gradually assumes a pasty form which can be made into 
balls and "blooms" to be worked under the hammer, 
Hammering squeezes out the slag and consolidates the iron. 
The tendency at present seems, however, to be towards sub- 
stituting hydraulic pressure for hammering, whereby a great 
saving in the cost of production is expected to be effected. 
The product in either case is very nearly pure iron. The 
strengths of the irons of different districts vary very widely, 
and it is therefore necessary to specify what resistance is 
required. The puddled bars have too low a tenacity for use 
as they are and have to be cut up and piled together, re- 
heated, and again rolled into bars, which constitute what is 
known as " merchant bar " iron. This, however, is still of 
low tenacity and shows inequality of strength, and is there- 
fore not used for important structural work, but only for 
such ironmongery as gratings, ladders, and small bearing 
bars. Best bar is made by re-heating " faggots " of mer- 
chant bar and again rolling it into bars, by which its strength 
is raised to a standard sufficient for constructional purposes. 
Its tensile resistance per sectional square inch varies with 
different makers from 21 to 26 tons. By again rolling bars 
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from faggots of selected best bars, a yet stronger iron is 
obtained and of a quality so malleable and ductile that it 
will bend double cold without breaking, and elongate about 
25 per cent, before fracture, with a reduction of area at the 
point of fracture of about 50 per cent. ; its tensile strength 
is 27 to 28 tons per sectional square inch. Very little of this 
quality of iron finds its way into constructional iron work 
for buildings. 

Eiyet iron must be soft and of superior quality to close 
up without loss of strength ; the best quality is made by 
rolling from "piles '' of ordinary rivet iron, which is generally 
made from scrap. It has a tensile strength of about 24 
tons and a shearing strength of 20 tons or a little more, but 
it should not be taken as higher than this in ordinary work. 

Yorkshire plate iron runs to a tensile strength of about 
22 tons with the grain and 20 tons across the grain, the 
elongations before fracture being 16*7 and 11*2 per cent. 
Annealing slightly reduces the strength but increases the 
elongation. The elastic limits, after which permanent set 
occurs, are 12 tons in tension and from 11 to 13 tons in 
compression. 

Staffordshire plates are harder than Yorkshire, and have 
an ultimate strength of about 22*5 tons per sectional square 
inch in the direction of the grain and about 19 tons across 
it ; the elongations 5 per cent, and 4*35 per cent. 

Cleveland iron has only about 20 to 21 tons strength with 
and 17 tons across the grain, and this iron is very largely 
used in constructional work, where the strength across the 
grain is not a matter of much importance, but this iron has 
only a slight elongation before fracture. Scotch iron is 
between Staffordshire and Cleveland in its qualities. 

Iron of higher qualities than these can be obtained by 
specifying it, and is often obtained without so doing. I 
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have tested many samples of Staffordshire girder iron which 
stood 25 tons when 22 only was specified, and Yorkshire 
plates under 21 ton specification which did not break under 
26 tons to the square inch. 

Iron suitable for girder work should, when broken, show 
a grey fibrous fracture ; it should have no crystalline appear- 
ance, and no black scales imbedded in its substance. 

It is highly important that wrought-iron plates should be 
of uniform strength throughout the section, otherwise one 
part will yield more than another, and the plate will have a 
tendency to curve or buckle sideways under longitudinal 
stress. In order to test the uniformity of the material a 
strip should be cut out on one side of the centre line of the 
plate, planed to exact width to give a known sectional area, 
and each edge carefully chalked. The bar is then placed in 
the testing machine and tension applied to it, then if one 
side is yielding more than the other, the chalk will crack 
away more rapidly on that side than upon the other, and 
thus indicate the inequality. 

All iron that has to be forged or bent should be specified 
to be not less than 22 tons per square inch tensile resistance 
with the grain and 19 tons across ; it should also have an 
elongation not less than 15 per cent, with the grain and 8 
per cent, across it. 

The resistance of the foreign joist iron is 19 to 20 tons 
per sectional square inch. 

The crushing resistance of average quality wrought iron 
is about 18 tons per sectional square inch, but in the forms 
in which this material is used to resist compression, it would 
fail by crippling, and therefore transverse stress also comes 
into action. This will be dealt with subsequently. 

Steel is used in the same forms as wrought iron in con- 
structional engineering. In some special caises where 
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elements are required which cannot be built up conveniently 
in wrought metal, and cast iron is objected to, the castings 
may be made in steel ; but it is very seldom used in this way 
in buildings, it is therefore with wrought steel that we are 
especially concerned. 

Formerly steel was made from the best kinds of wrought 
iron by a process called " cementation.*' In applying this 
method small bars of wrought iron are bedded in powdered 
charcoal and the whole kept at a high temperature for a con- 
siderable time, duiing which the iron absorbs a portion of 
the carbon, necessarily in an irregular way. The product, 
which is far from being of uniform texture, is known as 
" blister " steel. This is broken up and the pieces sorted 
according to the fracture shown, after which they are packed 
in closed crucibles, meltied and cast into ingots ; these are 
known as " cast " steel. The ingots are rolled into bars 
which are almost exclusively used for the manufacture of 
cutting tools, and is therefore known as tool steel. It is 
very hard and has a tensile resistance from 50 to 65 tons 
per sectional square inch, with an elongation of about 5 per 
cent. only. The milder kinds, used for drifts and other 
percussion tools, have a tensile strength of 44 to 60 tons per 
square inch, with an average elongation of 13 per cent. 

The steel used for building purposes is almost exclusively 
made by direct processes, thus avoiding the cost of the 
wrought iron. The two kinds now in use are the " Besse- 
mer " and the " Siemens-Martin " steels. 

Bessemer Steel. — In the Bessemer process there are two 
distinct operations. Molten cast iron is first converted 
into pure iron, and this is then turned into steel by the 
addition of a definite amount of carbon. Cast iron free 
from phosphorus, and comparatively free from sulphur, is 
melted and poured into a vessel termed a ** converter." A 



14 CONSTRUCTIONAL IRON AND STEEL WORK. 

strong blast of air is forced through the molten metal to 
consume the carbon, and this at the same time raises the 
temperature of the mass. When the carbon is all eliminated, 
a small quantity of Spiegeleisen — an iron containing a known 
proportion of carbon and manganese — is added, and this 
changes the charge from iron to steel ; it is then run into 
ingot moulds, and submitted afterwards to hammering and 
rolling into the forms required. 

Siemens-Martin Steel is made in the hearth of a rever- 
beratory furnace heated by gas to an intense violet heat, by 
the mixing of certjiin qualities of wrought and cast iron, or 
by mixing cast iron with certain kinds of ore, the latter 
method being that most generally employed for the produc- 
tion of steel on a large scale and at a moderate cost. 

The strengths of both the above steels may be varied by 
altering the proportions of the materials combined; for 
structural work it is usual to specify an ultimate strength in 
tension of from 28 to 32 tons per sectional square inch : an 
upper limit is assigned as well as a lower, because it is found 
that the lower ultimate strength is accompanied by a higher 
elastic limit, and plates of this material which have an 
elongation of 20 per cent, before fracture possess an ultimate 
tensile strength of 30 tons only per sectional square inch. 

Eolled steel girders and joists are made in England from 
both descriptions of steel and can be turned out of a quality 
up to the higher limit if specified, but this strength is not to 
be relied upon in buying this material out of stock, or on an 
order given without requiring a special guarantee. 

In some experiments recently made upon some German 
rolled steel joists taken at random out of a parcel ordered 
without guarantee of strength the ultimate tensile resistance 
varied from 24 to 26 tons per sectional square inch, and the 
ratio of elastic limit to ultimate strength was found to be 
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about 60 per cent. One sample showed a tensile strength 
of 36 tons per sectional square inch, but this must be re- 
garded as exceptional 

The crippling resistance of mild steel may be taken as 
equal to that of good wrought iron, and will be dealt with 
when treating of columns and struts of the latter material. 

Each section of rolled girder, both English and foreign, 
can be supplied at slightly varying weights, but the most 
economical to use to resist transverse stress is in each case 
the minimum weight, as the heavier sections are obtained 
by spacing the mill rolls farther apart, whereby the 
additional weight is principally in the web, where it is of 
much less use than that in the flanges, as will appear when 
we come to consider the stresses upon girders and their 
moments of resistance. 



CHAPTER II. 

COLUMNS AND STANCHIONS. 

The ultimate resistance of materials to crushing stress does 
not alone give the measure of the strength of a column, 
stanchion, or strut ; as soon as the length becomes a multiple 
of the diameter, the crushing force may become complicated 
by bending stress. This bending stress arises from the 
imperfections of section ; we can imagine that if a solid 
column, sa}'', were perfectly homogeneous throughout, the 
superposed load would only bring a crushing stress upon 
it, but this cannot be obtained in practice, one part of the 
column will be sure to yield more than another, and thus a 
deviation from a straight line will be brought about. 

We cannot infer from theory where, or to what extent, 
this deviation will occur, and it is therefore only possible to 
obtain an empirical formula based upon experiments. The 
experiments carried out by Hodgkinson have supplied the 
data, which have been used as the basis for several formulae, 
more or less intricate. The most convenient form to which 
any of these has been reduced is, I consider, that of Pro- 
fessor Gordon, which is as follows : for cast iron — 

Let BW=. the breaking weight of the column per square 
inch of horizontal section in tons ; r=the ratio of the length 
of the column to its diameter ; 

Then for a cast-iron column, well bedded and with the 
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load bearing uniformly upon its cap — ^for either solid or 
hollow columns— 

36 



BJF^ 



1+ '^ 



400 

For example, let there be a cast-iron column required 
18 feet high, to carry a load of 80 tons, and let its diameter 
be 11 inches outside, then reducing both measurements to 
the same name (inches in this case)-^ 

18 X 12 
r = — Y\ — = 1^'^^^ ^ = {19-63}^ = 385-34 

and the breaking weight required is, 

____ 36 36 

BJV= ^ = 33^:3^ = 18-34 tons. 

^ + 400 ^ + "400~ 

If the column is required to carry a steady load with no 
violent vibrations, such as would occur if it supported a 
floor on which machinery works, a factor of safety 6 may 
be used for obtaining the working resistance, which will 
then be 18*34 -f- 6 = 3*05 tons per sectional square inch; 
we may drop the decimal and call it 3 tons — then the 
sectional area of column necessary will be 80 -f- 3 = 26*6 
square inches. The area of a circle 11 inches diameter, 
corresponding to the outside of the column, is 95-03 square 
inches ; as 26*6 square inches of sectional area of metal are 
wanted, a circle corresponding to the internal diameter of 
the column will have an area of 95*03—26*6 = 68*43 square 
inches. The nearest convenient diameter is 9 J inches, with 
an area of 67*2 square inches, which will give a slight 
excess of strength. The thickness of metal in the column 
Fill then be i (11 - 9J) = i inch. 
' ' ■* ' c 
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It is a very common practice to allow some excess of 
thickness in columns to allow for defective workmanship, 
such, for instance, as inequality of thickness through rising 
of the core which forms the interior; this being much 
lighter than the molten iron will float up if not made 
sufficiently stiff to hold its position, or packed down in the 
mould by wrought-iron studs. It is not easy to determine 
such variations of thickness without either drilling holes in 
the column, or going to the expense of testing its deflection 
when put under cross-stress. The latter course would 
determine the question, as if the metal is of equal thickness 
all round, the column will show the same deflection under 
a given load, no matter on what side it is laid, but if there 
are irregularities the deflection will vary as the column is 
turned ; for if the thin side is at the bottom the deflection 
will be greater than when that part is on the top. 

The difficulty about equality of thickness is avoided by 
casting the columns in an upright position, but it is only in 
some districts that foundries are to be found in which the 
work can be thus done. In every way it is better to cast 
the work erect, as then the gases which form in the 
mould have a better chance of escaping to the refuse 
"head" which is cast on for this purpose. If the column 
cannot be cast vertically, the mould should be inclined as 
much as possible; for in a column cast in an absolutely 
horizontal position, the metal on the upper side is almost 
certain to have air holes in it. 

Every care should be taken to thoroughly dry the column 
cores in the stove before they are placed in the moulds, in 
order to prevent the formation of gas from the moisture 
contained in them. 

Columns have been used with round ends to allow of 
alterations of length in the superstructure carried by them 
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yrhen changes of temperature occur, but when this is done, 
the divisor 400 in the above formula must be replaced by 
100, as the tendency to bend is much greater with the 
round end than when the base of the column is flat. 

In many positions the circular form of the column is 
inconvenient, and a stanchion is therefore used instead. 
Horizontal sections of the shafts of several forms of stan- 
chions are shown by Fig. 1, all being of cast iron. -4 is a 
horizontal section of the commonest form of stanchion in 
use, the etched part shows the continuous section of the 
shaft ; B B are cross webs, or stiffeners, to brace the flanges, 
and these are usually placed about three feet apart through- 
out the height of the stanchion. The efiect of these 
stiffeners is to tie the flanges in such a way that the stan- 
chion is practically as strong as a column of the same 
sectional area, and the formula given for columns will 
therefore apply to stanchions thus made. The least width 
of the stanchion is treated as the diameter in working the 
formula. Let a stanchion be required of the same height 
as the column in the previous example, to carry the same 
load, and let it be 11 inches by 9 inches, the two flanges 
being each 9 inches wide. Then the value of r will be 
(18 X 12) -f- 9 = 24, of which the square is 576 ; the break- 
ing stress of the stanchion, per sectional square inch, will 
be 

BW = — ^^ = 14-76 tons. 

1 + ^ 
^ 400 

Using the same factor of safety as before, the working 
resistance of the stanchion will be 14*75 -r 6 = 2*46 (nearly). 
The sectional area of stanchion required will therefore be 
80 -f- 246 = 32-52 square inches. The sectional area of the 
^taQchion is equal to the sum of the width of the flanges. 
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plus (the width parallel to the web less twice the thickness 
of the metal) all multiplied by the thickness of metal ; or, 

Let b = breadth of flange, w = width of section, and t = 
thickness of metal, all in inches ; and a = sectional area in 
square inches ; then 

a = {2 . 6 + (w - 2/)} . / 
= {2 X 9 + (11 -2t)} t 
= 29t'-2t\ 

This is a quadratic equation thus solved — 

^29^ a 32 52 ,^^^ 

/* - -2" + 52 56 = 52-56 - 16-26 = 363 

therefore 

t - 7-25 = V3F3 = + 6025 
and 

/ = 7-25 + 6-025 = 13-275, or 1-225 inches thick. 

The latter is evidently the result required. 

This, the academical mode of obtaining the result, is too 
lengthy for ordinary office use, we should therefore proceed 
thus: we require 32*52 square inches; adding twice the 
flange breadth to the width, we get 2x9 + 11 = 29 inches, 
and dividing the area by this, 32*52 -f- 29 = 1-12 inches, 
for the thickness. This would reduce the effective width 
by 2*24 inches; and so the section length would become 
29— 2*24 = 26*76 inches, and the thickness 32*52 -f- 2676 
= 1-21 inches thick. This very nearly approaches the 
thickness obtained by the more tedious method, and as in 
practice the metal would be made li inches thick, the 
latter is covered by it. 

The size of the base of the stanchion will be determined 
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by the resisting properties of the foundation beneath, but 
if we assume that it is to be bedded directly on a York 
stone template of sufficient thickness to spread the load over 
the pier, or footings, below, the area of stanchion base may 
be determined on the basis of 7 tons per superficial foot. 
The area required will then be 80 -f- 7 = 11 '4:3 square feet 
nearly. 

A base of 3 feet G inches square would give an area of 
12*25 square feet, and if we cut off the corners in the way 
shown in the figure, 6 inches from the comers of the square 
in each direction, half a square foot must be deducted, 
leaving 12*25 — 0*5 = 11*75 square feet of effective 
bearing. 

The load upon the shaft of the stanchion must be spread 
over the base by means of brackets c, for it will not be 
safe to rely upon the cross-breaking resistance of the base 
to distribute the load. 

Where heavier loads have to be carried, the section shown 
at E is convenient, the parts D D forming a third flange ; 
but the narrowest dimension must be used in determining 
the ratio of height to width. In determining the form of 
stanchion to be used, there is not only the load upon it to 
be considered, but also the character of the building of 
which it is intended to form a part. In a storage ware- 
house a naked stanchion may not be objectionable, but in 
public buildings, such as town-halls, schools, and assembly 
rooms, these, where used, must be clothed with some 
encasing material, which shall in itself be ornamental, or 
otherwise serve for the attachment of adventitious decora- 
tion. In the first case, the surrounding material will be 
marble, granite, or some imitation in artificial stone ; and a 
circular or square column will then be all that is required, 
its encasement being prepared in segments to fit around it. 
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If, however, stanchiona are to be used as the skeletons of 
columns, they must be made of such sections as wiU hold 
securely the concrete upon which the finish is to be carried. 
At F is shown the section of a stanchion similar in design 
to Ey but Mdth its flanges narrowed, and its weh extended 
in both directions to fit a circumscribed circle, and the 
horizontal stiffeners will fill this circle. In order to give a 
"key" for the cement, or fine concrete, with which the 
stanchion is filled up, it should be surrounded with wire 
netting tightly laced together, and the stifieners may be 
made with holes in them, as shown at /, /, /, /, to prevent 
the cement from being cut into short lengths by their inter- 
position; the cement should reach to about an inch out- 
side the circle of the stifi^eners. Care should be taken that 
the cement or fine concrete used is solid throughout ; but 
this is a matter with which every builder is acquainted, 
and the mode of execution need not be described here. 

At G is shown the horizontal section of a stanchion, the 
worst, from a constructional point of view, that could be 
imagined. Its adoption is no doubt due to the fact that 
it may conveniently be buried in brickwork, a course the 
evils of which I have already pointed out. The minimum 
diameter of this section is shown by Ky and as soon as 
bending stress sets in, the four "wings" of the stanchion 
are exposed to twisting stresses which do not come upon 
any other type of stanchion. At ^ a similar section is 
shown, but the ends of the webs are widened out to form 
little flanges L, to act as "keys" to the encasing concrete. 
This, besides possessing all the disadvantages of section 0^ 
would be very expensive to make, as the flanges on two 
webs would have to be cored in the mould ; the pattern, if 
made of the section shown, could not be withdrawn from 
the sand. 
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The channel section, shown at M, is much used to carry 
the ends of main girders when they enter a party-wall, and 
it is usually embedded in the wall, of which the front is 
shown by the line 0. A better mode of construction is 
to use a rectangular pilaster N, placed against the surface 
P P of the wall. 

If the constructional iron work in buildings is regarded 
by the architects as a subordinate matter, a thing to be left 
to others to arrange, generally to those who have the 
supplying of it, that part of the structure will be of a 
jobbing character ; it will be fitted in, more or less, to suit 
the requirements of the general design and the alterations 
that occur during its execution. 

The arrangement of the columns, or stanchions, in the 
basement of a high building requires very close attention, 
especially if the floors of the structure will be heavily 
loaded. One common-sense rule may be set down, from 
which no deviation should ever be permitted ; it is this : 
do not design a girder to be carried partly on a wall and 
partly on a stanchion imbedded in the wall ; when a girder 
end has a stanchion to support it, let the whole load be 
taken upon the stanchion, and keep the brickwork, or 
masonry, as the case may be, a little below the top surface 
of the cap of the column. This will prevent the possibility 
of the wall being cracked while the girder is finding its 
bearing upon the cap of the stanchion. 

For stanchions of the section shown at G, a factor of 
safety of ten at least should be used, and for the section M 
a factor eight. 

We must now turn our attention to the caps of cast-iron 
columns and stanchions, in regard to the provision neces- 
sary for receiving and supporting the ends of main girders. 
In this respect they may at once be divided into two 
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classes: those that carry only girders on their caps, and 
those which also support columns carrying upper floors. 

In large warehouses, factories, miUs, and breweries, the 
columns or stanchions will be continued tier upon tier from 
the basement to the roof, and at each floor will be required 
to pick up the main girders by which it is carried. 

In these cases the columns, or stanchions, must be directly 
connected together; on no account should the connection 
be made through a girder, that is, by bolting the girder to 
a column below, and then bolting the base of another 
column to the top flange of such girder. There cannot be 
the lateral rigidity of connection which is obtained by the 
direct bolting of column to column, neither is there the 
same certainty of absolute vertical alignment of the columns 
as when the joint is made by their machine-faced ends. 

The carrying of a column upon a girder at any point 
between its supports should never be permitted, and I do 
not think that any architect who gives a thought to his 
iron work when designing his building, would allow the 
necessity for such a course to arise. A column is an element 
in constructional work whose value rests in its vertical 
stability, its compression is inappreciable and is not aficcted 
by passing loads in such a way as to cause vibration of the 
floor supported by it. A girder under transverse stress 
must deflect to some degree, and under a varying or moving 
load must vibrate ; the vibrations may not be perceptible 
unless there is rapid change of load, as in dancing, but they 
occur, and if a column or stanchion is carried by a girder 
which also carries a floor load, the deflections of the girder 
will lower and lift the column, and tip it out of the perpen- 
dicular as a load passes from one side to the other of the 
bearing girder. The racking stress upon the connecting 
bolts must be very severe and cause them to become slack, 
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whereby the stability of the column will be still moro 
imperilled. 

Whether columns or stanchions are used will not affect 
the fact that the " stiltings " must be made of the form 
suitable to receive the girder ends, and also have a horizontal 
sectional area equal to that of the stanchion immediately 
above it, for the stilting is relieved of the load brought upon 
the stanchion by the main girders which merely run into it. 
A simple and convenient form of stilting is shown in Fig. 
2. A is an elevation, and B a horizontal section on the line 
cc; ee shows the cap of the lower stanchion or column, upon 
this is cast a square stilting d d, which is hollow, and there- 
fore particularly suitable for a column, as the core used in 
casting can be withdrawn through it. 

Rolled girders m m are shown with their ends resting 
upon the cap e e^ and secured to the square stilting by angle 
irons t, riveted to their webs and held to the stilting by the 
bolts n n. The angle irons i are termed " cleats " by the 
dealers in merchant iron, and therefore it will be convenient 
to use that name in reference to their application to rolled 
girders. 

In this case it is obvious that no vertical stress comes 
upon either the rivets or the bolts, as the load is taken 
directly upon the cap of the stanchion. On the upper part 
of the stilting d is cast a flanged cap //, to receive the base 
g gy of the stanchion A, which forms one of the next tier. 
With a stilting of this form four girder ends may be con- 
veniently carried ; the other two are shown by the dotted 
lines at k k. When four main girders thus come against 
one stilting, the bolts n n must of course be arranged to 
clear each other. 

In almost all constructional iron-work in buildings — 
unless they are structures of considerable magnitude — we 
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aro cramped for room in the matter of bolts, and therefore 
this should not be neglected in the preparation of the 
general design. 

All faces of contact of the stanchions or columns must be 
faced, so as to meet truly, and, for the best class of work, 
spigot and faucet joints, as shown at P, are used to prevent 
the possibility of a stanchion or column slipping upon the 
one beneath it ; if this is omitted, there are only the bolts 
0, to retain the upper stanchion or column in alignment 
with the lower. 

If the spigot and faucet joint is not used, the stanchions 
or columns should be connected together by turned bolts 
passing through holes drilled for their reception ; if the 
holes are cast, with allowance to receive bolts without 
rhymering out, the bolts will be a loose fit, and the stability 
of the joint a matter of chance. 

In some large buildings — breweries — the columns have 
merely been fitted together with a spigot and faucet joint, 
no connecting bolts being used, but I do not consider this 
safe, even when the main floor girders are carried on the 
bases of the columns in the upper tier, instead of the caps 
of the lower tier of columns. 

If the main girders are designed to run over two or three 
or more bays, the square stilting is inadmissible and the 
cap must be made with lateral stiltings as shown in Fig. 3. 
A and B are side elevations of the upper part of the stan- 
chions ; (7 is a horizontal section through the stilting on the 
line c Cy and D a horizontal section through the shaft on the 
line d d. 

It will be seen that the girder e runs clear across the cap 
of the stanchion, which is made with vertical jaws //, 
with flanges ^ ^ at the top to receive the base of another 
stanchion I above, which being bolted down at the four 
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comers forms a tie to the two jaws and saves them from the 
danger of being broken by a side blow. The jaws are also 
further stiffened by vertical webs A, A, A. The bearing 
plate or cap proper m m on which the girder e rests, is 
strengthened by brackets t, t, t, &c. Horizontal stiffeners 
k k also occur about three feet apart in the height of the 
stanchions to strengthen the edges of the side flanges of the 
shaft. 

If the girder is light it may be bolted to the stanchion by 
bolts n n, though this is not necessary when the girder is 
continuous. It is optional also to bed the girder upon a 
layer of felt to equalise the bearing, but this is certainly 
advisable if the plate m m is rough at all, and the girder 
flange not quite flat. The girder should not when bolted be 
screwed down very tightly, as then it is likely to strip the 
thread of the bolt when its full load comes upon it and 
causes deflection. 

When the work assumes very large proportions it will 
not be convenient to cast the jaws on the columns or stan- 
chions, and they must then be made in separate pieces, as 
shown in Fig. 4, and bolted on to the column or stanchion 
cap. 

In this figure A and B are side elevations, and C/ is a 
horizontal section through one of the stiltings d. The 
stiltings are stiffened by ribs g, g, g^ and are planed to true 
surfaces top and bottom, care being taken that these surfaces 
are parallel to each other, the cap e of the column and the 
base /of the stanchion or column above are both planed 
true, or faced up in a lathe, generally the latter, which 
affords great facilities for insuring the parallelism of the caps 
and bases of each column, as they can both be faced 
simultaneously. Holes for the connecting bolts i, i, i, t, are 
to be drilled in the bottom flanges of the stiltings, and in 
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the cap e, their centres beiug first marked from the same 
template, so that the holes shall coincide exactly, and these 
holes are to be fitted with bolts accurately turned, so that 
the work shall be solidly joined up without the possibility 
of a shake. 

The upper stanchion / should also be bolted down with 
turned bolts k fitting in drilled holes. A built-up girder h 
is shown in this case resting upon the column cap. The 
thickness of metal in the stiltings must be such as to give a 
horizontal sectional area equal to that of the shaft of the 
stanchion or column carried by it. The centre of the bolt- 
holes should not be nearer any edge of the casting than two 
diameters of the bolts ; thus the centre of a |-inch diameter 
bolt should not be nearer the edge of the casting than 
li inches. 

Fig. 5 shows another form of stanchion designed to sup- 
port the ends of three girders which are discontinuous. A 
is a side elevation, B a vertical section of the line b 6, and 
C a horizontal section in the line c c. Two simple girders 
1 1 in elevation, and ^ ^ in horizontal section, have their 
ends resting in pockets into which they are lowered ; the 
central web d of the stanchion is continued up between the 
ends of three girders, so that the vertical tie to the flanges 
of the stanchion is unbroken. In this case the horizontal 
area of the section C must be equal to the sectional area of 
the shaft of the upper stanchion h. 

The third girder /is supported upon a bracket g, and a 
fourth, if required, might be carried by a similar bracket on 
the other side of the stanchion. All the girders may be 
fastened down by bolts h. 

The stress brought upon the bracket g may be of a 
bending or of a shearing character, according to the way in 
which the girder/ takes its bearing; if it happens to rest 
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upon the edge of the bracket, as it will when a load comes 
upon it, the stress will be bending, assuming that the 
bracket is cast flat, and for this reason it is necessary to use 
stiffening brackets k. The stress upon these will be of a 
somewhat mixed character, compressive on the outer edge, 
but either tensile or shearing where it joins the flange of 
the stanchion. Shearing stress in cast iron reaches 12 tons 
per sectional square inch before rupture, but working stress 
in a bracket should never be taken at more than 1^ tons 
per sectional square inch, we shall then have an equal 
resistance when the stress changes from shearing to tension. 

Cast-iron columns or stanchions made with brackets 
should be most carefully examined before erecting them, as 
cracks are apt to occur in the re- entrant angles of this part 
of the work. All such castings should be allowed ample 
time to cool in the foundry, and should a bracket crack off 
it should on no account be permitted to be " burnt on." 
This process consists in remoulding the bracket and placing 
the column, heated to a very high temperature at the part 
to which it is desired to attach the bracket, so as to close 
the mould. The molten metal poured in to form the bracket 
may, or may not, further raise the temperature of the 
column surface to melt on to and cool down with it, but in 
any case it is a very risky thing and may very likely cause 
a crack in the shaft of the column itself. If the job will 
not afford a new column, it is best to make a new bracket 
and bolt it on. 

In Fig. 6 is shown a column upon which the ends of four 
girders are suppoi-ted. It has cast upon it a hollow square 
stilting d to carry a column above, and on this stilting are 
cast four " lugs," c, c, c, c, to which the webs of the girders 
are bolted, the load being taken upon the cap of the column, 
which, however, does not afford facilities for bolting the 
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girders down to it. The bolt holes in the lugs and girder 
webs must be made with ample clearance in this case, so 
that the bolting up of the girders may not interfere with 
their taking a complete bearing upon the column cap. 

When, on account of the low bearing capacity of the 
foundation, it is necessary to spread the base of a column or 
stanchion to a width disproportionate to that of its shaft, it 
is advisable to cast a separate base of the form showii at C. 
e e is a flanged top to receive the base / of the column or 
stanchion above it ; ^ ^ the wide base, h a central column, 
and i i, &c., brackets to distribute the load on « e equally 
over the base g g. 



CHAPTER III. 

GIRDERS-WITH SOLID WEBS. 

We have now to turn our attention to the characters of the 
different stresses that are brought, directly or indirectly, 
upon the main supporting girders used in buildings. Gir 
ders are subject to loads which cause them to deflect, and 
thereby set up tensile and compressional stresses, and also 
shearing stresses at certain points depending upon the con- 
struction of the girder. It is obvious that when a load is 
placed upon a girder some deflection must occur — even if it 
is not noticeable — because if the form of the girder were not 
altered it would not be pressing upward, and if it were not 
pressing upward it would not resist a load pressing down- 
ward and that load would descend. As a matter of fact the 
load descends until the resistance of the girder to further 
deflection is equal to the superincumbent load. Opposing 
forces can only be at rest when their intensities are equal 
and their directions opposite. An ounce weight placed upon 
a spring letter weigher will cause its pan to descend until 
the spring presses upwards with the force of an ounce, when it 
will come to rest if the weight has been gently lowered on it ; 
if the weight is dropped upon the pan it will descend below 
the position corresponding to one ounce pressure and will 
vibrate up and down for a while, but when it comes to rest 
the spring will be pressing up with a force of one ounce. 
It is the same with everything in nature ; wherever rest — 
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Or equilibrium — ^is established there must be at least two 
forces acting, and these must be opposite and equal If a 
number of forces are acting towards one point, then if a 
straight line be drawn through the point, and the forces on 
each side of the point concentrated up this line, the effect in 
the direction of the line on one side of the point from all 
the forces on that side must be equal to the effect along the 
line, but in the opposite direction, of the forces on the other 
side of the point to produce equilibrium. Similarly, if A B^ 
Fig. 7, is a lever f ulcrummed at G and the lever is at rest 
with the weights W and w suspended from the ends, it is 
evident that the effort of W to turn the arm A C about the 
bearing (7, must be just equal to the effort of the weight w^ 
to pull the end B down around the bearing 0. li AB is 
horizontal the turning effort of W about C is fT y, A C^ and 
that oi wiBWX B 0. If ff is equal to 19 lbs., and A C = 
6 inches; then W Y. A C =l 19 lbs. x 6 inches = lU 
inch-lbs. If C-6 = 14 inches, then 114 inch-lbs. = w (lbs.) 
X 14 inches; and i^ = 114 inchJbs. -r- 14 inches = 8*14 
lbs. The bearing of this argument upon the resistance of 
girders may not appear evident to the student at this stage, 
but, if he will follow me through it, he will soon see the 
advantage of proceeding in so elementary a way. 

Now let us suppose we have a lever shaped in another 
way, let it be supported on an axle or fulcrum at E^ and 
have a horizontal arm D E, at the end D of which is sus- 
pended a weight W, The lever has also two vertical arms, 
E F projecting upward from the fulcrum, E and E G pro- 
jecting downward from it. To the right of the vertical 
arms of the lever E F, EG, is shown the face of a solid wall 
H. If the ends F and G are connected to the wall H by 
bars Fh and Gi, it is evident that the weight /F acting 
about the point E will put a pull upon the bar Fh and a 
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thrust upon the bar G i, and if the whole is at rest, the 
tension upon jPA multiplied hy F E, plus the compression 
upon 6r t,, multiplied by G E, must be equal to the weight W 
multiplied by the distance DE. Stresses and weights are 
of course taken in terms of the same name, as, for instance, 
both in pounds or both in tons, and the lengths of the arms 
of the levers all in inches or all in feet. 

Now there is no reason why the force exerciser by the 
weight W — that is fT X D E, should not be resisted by 
more than two bars or strips of material connecting the 
vertical arms with the wall H. We may have on the upper 
limb strips jj, k k^ and 1 1 ; these will all be in tension, and 
on the lower limb strips m m, n n, and oo, which will all be 
in compression. By the way, the amount of the force 
multiplied by the distance from the point (E) about which 
it acts, is called the " moment " of the force. 

In the case illustrated the moment of the weight ^ about 
E will be equal to the sum of all the " moments of resis- 
tance " of the strips connecting the vertical arms with the 
wall. The moments of resistance of these strips will hot all 
be of the same value for two reasons : first, the distances of 
them from the point E, and therefore their leverages, vary, 
and as E is approached they are less stretched or com- 
pressed — a strip from E toH would be neither stretched nor 
compressed — and therefore, if they are all of one material, 
exert less resistance, so that an equal-sized strip midway 
between F and E would only give a moment of resistance 
one quarter of that due to the strip Fhy because it is only 
stretched half as much, and has only half the leverage ; the 
resistance of any elastic material — ^while its limit of elasticity 
is not exceeded — ^being in direct ratio to its extension or 
compression. The effort of the weight W about the point 
E is known as the " moment of stress." There might be 
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another load w at /, then there would be two " moments of 
stress," and in all cases the total " moments of resistance " 
must be equal to the total " moments of stress," otherwise 
equilibrium cannot occur. 

As there is no limit to the number of strips, or layers, 
^K jji <fec-> except their being so numerous as to be in 
contact, we may consider that they are so, and in fact form a 
solid beam, then we have to find out the moment of resis* 
tance of such a beam. 

When we have determined a formula for the moment of 
resistance of any beam, it is easy to equate it with any 
formula of stress, and so ascertain the necessary dimensions 
of th^ beam to resist such stress. 

. The section of a beam, or girder, being given, its moment 
of resistance in, say inch-tons or foot-tons, may easily be 
<^alculated, and does not vary according to the moment of 
stress, it is constant for a constant section. I shall there- 
fore consider the moments of resistance of various sections 
before dealing with the moments of stress accruing from 
different dispositions and intensities of load. 

In Fig. SAB represents a cantilever beam fixed in a wall 
which is sufficiently stable to resist the overturning effort 
of any load that will be put upon the cantilever. For this 
beam to be entirely free of stress it must be supported by 
some surface such sls D E ; if this surface is withdrawn, the 
beam will have to support its own weight, and will there- 
fore deflect and become curved, as shown by A'B . While 
the beam is supported, in a horizontal position, let two 
vertical lines, e e and //, be drawn upon it at any con- 
venient distance apart. When the support is removed and 
the beam deflects, these lines will no longer be either 
vertical or parallel to each other, their directions will be 
shown by the lines c' e' and/'/. The upper surface of the 
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cantilever will be extended, while its lower surface is com- 
pressed, and there will be a central surface o, o, o, where 
there is no stress ; this is called the neutral surface, and its 
position in the cross section of the beam is the neutral axis 
of the section. 

The line ef e' intersects the neutral surface o, o, o, in the 
point g; through this point draw the straight line f"f% 
parallel to /'/> then c' /' represents the extension of the 
upper layer of fibre in the length g g^ and f" e' on the lower 
surface shows the compression in the same length, and the 
triangles e' f" g, above and below the neutral surface, repre- 
sent respectively the extensions and compressions of 
the layers and fibres which constitute the substance of the 
cantilever. These triangles are shown to a larger scale at 
Fy Fig. 8, the same letters being used. 

The maximum resistance of the material is represented 
by the length e'/", and all la3'ers between that outer line 
and g must offer less resistance, because their extension is 
less ; when the ultimate resistance at the outer surface is 
overcome the inferior layers of fibres will be torn asunder 
one after another, and the beam destroyed. From this it is 
evident that the area of the triangle e' /' 5^ will represent 
the sum of the resistances of the layers of fibres on one side 
of the neutral surface for a unit of width ; these resistances 
may be considered as concentrated at the centre of gravity 
G of the triangle, and therefore the distance of this point 
from the neutral surface will be the distance at which the 
direct resistances act about the neutral axis of the section. 
Let all the dimensions be taken in inches, and let s = the 
maximum resistance per sectional square inch of the material; 
d = depth of beam ; b = breadth of same. 

The distance from the upper or lower surfaces of the 

beam to the neutral surface =-5' and this represents the 
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height of the triangle «'/" 9^ ^^ which the centre of gravity 
is one-third of the height from the hase, and therefore two- 
thirds of the height from the point g^ so the distance 
at which the resistance acts about the neutral axis is — 

_d 2 _d 
2 ^ 3 ~" 3 

The area of the triangle of resistance is, ^ x ^ =-j- ; 

and, as there are two triangles of resistance, the total 
moment of resistance of the section will be — 

For example, let it be required to calculate the moment 
of resistance to transverse stress of an iron beam, of which 
the direct resistance is 20 tons per sectional square inch, 
its size being three inches deep and two inches wide ; then 
the breaking weight will be — 

sxhxd' 20 X 2 X (3)' ^. . , ^ 

= ^ = li — ^—^ = 60 mch-tons. 

o 

For practical purposes we do not calculate the breaking 
moment, but the safe working moment of stress, which 
will of course be kept well within the elastic limit of the 
material ; thus, for iron of the quality assumed above we 
should use a factor of safety 4, and the working moment of 
resistance of the section would be 16-inch tons. This calcu- 
lation is more true for the working than for the ultimate 
stress of the material, for in the former the limit of 
elasticity is nob exceeded, and the modulus of elasticity 
remains the same for tension as for compression. 

This formula refers to a solid rectangular beam, but 
others suitable to different sections may be derived from it. 
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In Fig. 8, G shows a transverse section of a rolled girder ; 
it is obvious that the strength of this girder will be less 
than that of a solid beam of the same depth and width, by 

the strength of the parts | ^' ^ -9 r omitted on each side 

of the vertical web. The direct resistance of the inner 
la3'^ers, h, Z;, shown dotted in the view F^ will evidently be 
less than that of the outside layers of the whole section in 
the ratio of d. to d^ because their extension will be less in 
this ratio ; so the formula for the strength of the omitted 
part will be, calling M the " moment of resistance — 

,^ hi d^ di s . bi . d^ 

Deducting this from the strength of the whole section, the 
remaining moment of resistance will be — 

Let it be required to determine the safe working moment 
of strength of a rolled girder 12 inches deep by 6 inches 
wide, of which the flanges have a thickness of one inch each, 
and the web a thickness of j-inch; then the different 
values are 6 = 6 ; (i = 12 ; b^ = 6*25 ; and d^ = 10. As- 
sume that the girder is rolled from steel having an ulti- 
mate tensile strength of 28 tons per sectional square inch, 
then taking 4 as the factor of safety the value of s for work- 
ing stress will be 7 tons per sectional square inch, and the 
moment of resistance of the section in inch- tons will be, 

M=z -L . {b.d'-^b^.dA = _I_ je X iV - 5-25 X iVl 
bd ( ^ J 6 X 121 j 

= 497-58 inch-tons. 
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For a girder built up with plates and angle irons, to form 
a section such as that shown at IT, the formula is merely an 
extension of the above, as from its form the parts to be 
deducted necessitate the use of more dimensions ; for this 
particular section it would be — 



^=R 



. Ibd^-^ 61 d^^ - hdi" - ^ dz'\ 



In this case, however, there is loss in the tension flange 
by the rivet holes, and this loss should be deducted from 
the width ; if, for instance, there are two rows of J-inch 
rivets, ind the plate is 12 inches wide over all, the effective 
width should be taken as 10| inches. 

We will now look into the " moments of stress " caused 
by loads upon girders, and the course to be pursued in 
adapting the strengths of the latter to the loads which they 
are intended to carry. 

In Fig. 9 A B shows a side elevation of a girder carrying 
a concentrated load /F, and for the present the weight of 
the girder itself is neglected. We want to find the moment 
of stress about any point c, which is distant x from the 
point of support B, The load is distant y from the point 
of support A ; I equals the clear span of the girder. The 
dimensions must all be taken in terms of the same name, 
such as all in inches, or all in feet, but comparing the 
moments with those of resistance care is to be taken that 
the two moments are stated in similar accordance. If the 
moments of resistance have been determined in inch-tons, 
and those of stress in foot-tons the latter must be multi- 
plied by twelve before being equated with the former. 

The load W is supported by the upward resistance of the 
piers at A and S, which must obviously press upwards with 
the same force that the load presses down, otherwise it 
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would sink. As a matter of fact the piers do, on the first 
application of the load, suffer compression until the elastic 
resistance is equal to the superincumbent weight ; but if 
the load is not in the centre of the span it will not be 
equally divided between the supports. The upward re- 
actions of the piers we will call Ri and Bi- 

Begarding ^ J^ as a lever and A the f ulcnim ; the moment 
of the weight about the point A will be fT. y; the moment 
of resistance of the pier B will he B.l about A, and these 

W . y 
two must be equal, or, Wy =: B2IJ whence B2 = — r-^* 

Similarly the moment of W about the point B is =^ fF 

{Z - y} = BJ, whence R^ = ^^^^""^^ = /T - ^. 

Now it is evident that the two reactions together must 
equal the load, or — 

The moment of stress about the point c will be equal to the 
reaction B^ multiplied by its horizontal distance x from the 
support B, and — 

M=iB^x=i!!^ XX. 

If the moment about the point C is calculated from the 
reaction at A, that reaction acts upward; but there is 
another moment about the same point on that side, the 
moment of JF acting at the distance z and in a down- 
ward direction, therefore the difference of the two moments 
will be the resultant moment at c, and, 

M^B^ X {I -- x} -^ }Fxz. 

But z =^ I — X — y ; and— 
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M 



= j;r- :^j • |z-.a:| - ;rx U-x-yL 



which is tho same as that obtained in the previous calcula- 
tion. The maximum moment of stress is immediately 
beneath the load, and is — 

If below the straight line A B the vertical line e/is made 
to scale, to equal the moment directly under the load, and 
the point / is joined by straight lines to the points of 
support A and B ; then vertical lines drawn from A B to 
A f or f B will give, to the same scale, the moment of 
stress at other points, as, for instance, g h under the point c. 
As an example, let the girder be 16 feet span, and 
required to carry one end of another girder in the position 
indicated by W, and let the load thus brought upon it be 
7 tons, also let y = 6 feet, then the maximum moment of 
stress will be — 

fFv^ 7x6* 

M=.Wy ^=7x6- -y^ = 29-25 foot-tons 

= 351 inch-tons. 

When rolled girders are used we must choose some com- 
mercial section, and therefore it would be a waste of time 
to calculate a special section for each case which occurs. 
The usual and most convenient practice is to have a table 
of the strengths of standard sections at hand and select the 
most suitable for the purpose. If a very large parcel of 
girders of one section is required, it may pay to have rolls 
specially cut for them, but it would be a very large building 
that would warrant this expenditure. 
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The manufacturers of rolled joists, and also the mer- 
chants, publish books of tables showing transverse strength 
of the sections they supply, and these judiciously used will 
serve all practical requirements. About the method of 
applying them I shall have more to say, but must first deal 
with the stresses produced by a unifonnly distributed load 
upon a girder freely supported at each end, and upon one 
with the ends absolutely fixed. 

In Fig. 9, (7 2) represents a girder freely supported at 
each end, and loaded with an equally distributed weight, 
which, together with the weight of the girder itself, is equal 
to w tons per lineal foot of span. It is required to find a 
formula for the moment of stress at any point distant z feet 
from one of the points of support. 

The load being uniformly distributed will be equally 
borne by the two piers, and the reaction E of either of them 
will therefore be equal to half the load, or — 

This reacting force will act upwards about the point k, and 
its moment will be — 

„ w .l,x 

=L R X X = — 2 — 

There is also another force acting downwards, that is the 
load between C and k ; its weight is w x x. The whole of 
this weight is to be regarded as acting at its centre of 
gravity i, which, as the form of the load is symmetrical, 
will be in the centre of its length ; therefore, the distance 

from k at which it acts is ^and its moment about R — 

z w.z^ 
= MJ X aJ X 2 = -2"" 
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The differences between these two will be the resultant 
moment, and is given by the formula — 

w .a? w .1 .X w .z 



M=: 



2 



z -- I 



M 



For example, let the span of the girder be 32 feet ; the 
load t(; = 0.6 ton per foot; and a; = 12 feet, then — 

= ^[x - l] = ^±fll[l2-32]= - 72 foot-tons. 

I must now explain the meaning of the mimis sign in 
the result. The moments might have been so placed as to 
give the plus or positive sign ; but it is usual to consider 
the downward moments as positive, and the upward as 
negative, and it is here to be remarked that the negative 
sign indicates compression in the top and tension in the 
bottom flange, the top being concave and the bottom 
convex, when deflected, and the positive sign before the 
resultant moment signifies the reverse. 

The maximum moment of stress accruing from this load 

will occur at the centre of the span, where z z=z~^ and 

— ^ • ^ w . I* __ ^ w , P 

T" ~1 "~8~" 

li TF :=^ wl =: the total load, this expression becomes 

fF.l 



M=z 



8 



If a number of consecutive values of z are taken, and 
the moments calculated for each are plotted vertically down- 
wards to scale from the straight line C D, a curve may be 
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drawn through the ends of the ordinates so plotted ; it is 
shown by the line C m D^ and is parabolic in fomi, as will 
be recognised by the student of conic sections from the 
construction of the formula. If, then, the central ordinate 
n 771 is calculated, and a parabolic arc is drawn through the 
three points C m D, the moment at any point can be 
scaled off. 

Let us turn now to the consideration of a girder with its 
ends absolutely fixed. A girder G H, carried upon supports 
E Fy will, under an equally distributed load, be deflected 
as shown, and if the ends are not fixed down, they will rise 
as shown, and the condition of the girder between the 
points E and F will be that of one freely supported. The 
top surface will be shortened by compression to the length 
p p, and the lower surface extended to qq; from E to G, 
and F to E, there will be no stress upon the girder. 

If the ends E G and H Fhe now loaded with sufficient 
weight to bring them down to a horizontal bearing on the 
surfaces of the two piers E and F, as shown by G' ff, the 
sections p q will become vertical, and the length of the 
layers of fibres in the girder restored to their length when 
unloaded, except for the deflection, which makes so slight 
a difference that for our purpose it may be neglected. The 
result is exactly the same, whether the girder is first 
loaded and then the ends pulled down, or the ends first 
fixed before the loading of the girder. In order to bring 
the sections p q to, or to keep them vertical, it is evident 
that a moment of stress equal to the average moment of 
stress on the free girder must be established over the points 
of support E and F. As the curve of stress m D is 
parabolic, its area is found by multiplying its base C Dhj 
two-thirds of its height m n ; this area may be regarded as 
the sum of the moments of stress on the girder, and there- 
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fore tte average moment of stress will be two-thirds of the 
maximum moment of stress, that is — 

8 3 12 
and this moment will act over each point of support, and 
will be the maximum moment upon the girder, as that at 
the centre of span will then be — 

8 12 24 

One result of this form of construction is that the stresses 
on the top half are not all of the same kind, neither are 
those on the bottom half ; the holding of the ends of the 
girder will put a pull upon the upper part, and resist 
sxtension in the lower, so that over the points of support 
the top will be in tension and the bottom in compression, 
while at the centre of the span the top is in compression 
and the bottom in tension ; there must therefore be a point 
on each side of the centre of the span, where there will be 
no bending stress. 

Now the moment of stress at any point on the fixed 
girder will be equal to that on the same girder freely sup- 
ported less the moment over the pier f which is -— = tk~) 
or, 

12""*" 2 "2~ 
To find the value of x when the bending stress is nothing, 
we must make M = 0; then 



therefore 



■" "■ 12 "*" 2 "" ~2~~ 
12 '*"~2 2~' 
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W 

dividing both sides of this equation by ^ we get 

- + oc" z^lx 
which transposed gives us quadratic equation 



thus solved ; 



a?' — Zic = — ^ 

6 



, , , Z' l^ l^ Z' 

x^ — Ix A — =— — — •=. — " 

^4 4 6 12 



2 - - V 12' 



X — a 



^~2-V 12 ""2- 3-464 
0-5 Z + 0.288 Z = 0-788 Z or 0.212 Z. 



It is obvious that the two points thus formed should be 
equidistant from the centre of the span, therefore the two 
added together should make the whole span, thus, 

0-788 Z X 0-212 I = Z. 

If a girder thus fixed and loaded were cut through at the 
points thus indicated and hooked together, so that the 
central part shall not fall out, no change in the deflections 
curve will take place ; therefore, if such a girder is too long 
to be made in one piece, these points of contrary-fleocwe^ 
0, in the figure, are those which should be chosen for the 
joints. If the girder can be made in two lengths the joint 
should be made in the centre of the span, where the 
moment of stress is half that over the points of support. 
These remarks apply to rolled girders which are necessarily 
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of uniform section throughout; in built-up girders in which 
more than one plate is used in each flange the case becomes 
modified, but of this I shall treat subsequently. 

I have dealt with this question by supposing the ends of 
the girder to be tveighted down for a special purpose. An 
inexperienced student might perhaps think that any iron 
or steel joint built into a wall at its ends has those ends 
fixed, but if the weight of the wall above such joist is 

insufficient to cause a resisting moment of -— — , the end of 

the girder will not be fixed — neither will the wall, for it 
will be lifted when the girder gets its load. 

I will take an example to show how much may bo 
expected from an ordinary wall when the girder ends are 
built in. 

In Fig. 10 let A A and BB represent parallel walls of a 
warehouse having a clear internal width of 24 feet^ and its 
length is supposed to be divided into bays by iron or steel 
girders placed 10 feet apart from centre to centre, with 
their ends built into the side walls. E shows a part eleva- 
tion of the wall taken as 14 feet high, and it is assumed 
that a roof girder C" comes directly over each floor girder. 
£r is a vertical section of one wall showing the end of the 
girder C as built in. The floor load is assumed to be 4 cwt. 
per superficial foot of floor area, including the dead weight 
of the floor itself. The floor joists, d, d, &c., of either wood 
or metal, run from girder to girder, so each girder has to 
support the weight of half a bay on either side, equal 
one whole bay. The floor area for each girder will be 
24 X 10 = 240 square feet, and therefore the total load 
upon the girder will be 240 square feet X 4 cwt. = 960 
cwt. = 48 tons. The load per lineal foot of girder = w; = 
48 -7- 24 = 2 tons, and if the girders ends are firmly fixed 
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and held in the walls, the moment at each point of support 
will be, 

M = -^ = — j^ — - =96 foot-tonsr 

A solid bed k k* in the section is built in the wall to 
receive the girder so that the inner edge k shall not crumble 
under the pressure of the girder when it deflects, throwing 
the weight thereby on to this edge. Hard stone is generally 
used for this, but iron would be better. To prevent the 
lifting of the girder end there is the weight of the wall 
above it — with any load it may carry at a higher level — 
acting in the direction of the centre of gravity of the wall, 
shown by the line i — i, which, as the wall is taken of the 
same thickness throughout, will be in the centre of its thick- 
ness, and the wall being 18 inches thick the leverage of its 
weight and load about the point k will be 9 inches, = 0*75 
foot. Upon the end of the girder C is shown a stone, 
or plate, F, to give the brickwork above a fair bearing 
on it. 

In case of rupture it is not to be supposed that the brick- 
work will rise in a rectangular mass, parting from that 
below along the horizontal line g — g ; the mortar is not 
strong enough to hold the bricks together in such a solid 
mass. The most that can be expected is a mass of wall 
spreading as it nses from the stone jP, the angles of the 
bounding lines depending upon the bond of the brickwork. 
If the break of joint in each course is one quarter of a 
brick or 2J inches, the spread of the line m m will be 
2 1 inches for every 3 inches rise. As the line m m starts 
at the bottom 6 inches from the centre of girder (7, it will 
meet a similar line drawn from the next girder, when it 
has spread laterally to the extent of 4 feet 6 inches ; bring- 
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ing this to inches and dividing by the break, the number of 
courses is found thus, 

54 ins. _ , I. , . , ., I. . 

= 24 courses of bneks = 6 feet. 



2*25 ins. 



the remaining 8 feet (vertical) of the wall load will be 
10 feet wide. The lower part of the wall load has an 
average width of (1 ft. x 10 ft.) -4- 2 = 5-5 ft. 

The face area of the triangular part of the wall will be 
5*5 X 6 = 33 square feet, and that of the part above 
10 X 8 =80 square feet, making a total of 113 square 
feet; and as the wall is 18 inches = 1*5 feet thick, the 
cubic contents will be H3 x 1*5 = 169 5 cubic feet. 
Good brickwork weighs 1 cwt. per cubic foot, therefore the 
wall load will be 169*5 cwt. = 8*475 tons. To this is to 
be added the roof load brought upon the wall through the 
girder C\ There will be the same area of roof surface as 
of floor, but the roof load will not exceed J of 1 cwt. per 
superficial foot, and of this one half will be taken on each 
wall, making this load 

24 X 0*75 . . . . ^ . 

= s = 90 cwts. = 4*5 tons. 

Adding this to the wall load the total acting along the line 
i — i is, 8*475 X 4*5 = 12*975 tons, which has a leverage 
of 0*75 feet about the point k^ and therefore acts with a 
maximum moment, 

Mz:^ 12*975 X 0*75 = 9*73 foot-tons, 

towards resisting the girder moment of 96 foot-tons. 

From this it is evident that in such cases the girder ends 
are not fixed, and they must be regarded and calculated as 
girders with freely supported ends. This it is very im- 
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portant to keep in mind, as a free girder only supports two- 
thirds the load it would carry with its ends fixed. 

Neither can a girder be considered as fixed because its 
ends are bolted down to stanchions, the stanchion tops 
will be drawn inwards when the girder deflects, or if they 
are so fixed they cannot, the connecting bolts will break. 
Suppose the girder C has its ends bolted down to a 
stanchion cap 14 inches wide as shown at N, If the bolts 
are 2 inches in from the back it will give them a leverage 
of 1 foot, so a total tensile resistance of 96 tons would be 
called for. Taking the bolts to be of metal, haying a 
working tensile strength of 7 tons per sectional square inch, 
a total bolt area of 96 -f- 7 = 13*71 square inches will be 
required. The strength of a screw bolt must of course be 
taken at the bottom of the thread — its weakest section. 
The sectional area at the bottom of the thread of a bolt 
f inch in diameter, is 0'3 square inches, so the number of 
bolts required would be 13*71 -4- 0*3 = 46, as there 
cannot be a part of a bolt ; and if there were eleven steel 
bolts only, they would all be torn asunder. It is scarcely 
necessary to say that no such number of bolts could be put 
in. It might also be shown that a greatly stronger stan- 
chion than ordinarily needed would be required to resist 
the bending moment which would come upon it were its 
base absolutely fixed, but I have said enough about fixed 
ends without occupying more space. 

In a building sufi&ciently long to require the use of con- 
tinuous girders, the advantage of fixed ends can be used to 
a certain degree. In Fig. \\ A B represents part of a 
continuous girder supported upon walls, or piers, C, D, E ; 
and B G represents the end span of the girder. All the 
spans except the end ones should be equal, and the ends 
should be about four-fifths of the intermediate span, as its 
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terminal end will be freely supported, and should therefore 
take a bearing at its point of contrary flexure. 

Now the principle of continuity will only obtain in 
regard to permanent or dead load, and therefore in deter- 
mining the moments of stress, two distinct loads must be 
dealt with — the permanent load and the working or live 
load. 

For the dead load I have already shown that the 
moments of stress are, 

Over the point of support, 
and at the centre of the span, 

This latter moment of stress will be the maximum, for 
dead load, in the end span between the point of contrary- 
flexure h and the point of support F. 

The worst case that can occur for any span is that in 
which that one span is fully loaded, and no other spans 
have any except their dead loads, li v/ =i the working 
load per lineal foot, the maximum central moment of stress 
is, for free ends, 



M = 



8 



As soon as this comes into action the moments over the 
points on each side of the span are disturbed, and this full 
stress does not come upon the girder ; but as this is a very 
complicated problem to work out, which in the end makes 
very little difference in the maximum moment, it is be^t to 
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determine the section of the rolled girder to suit the maxi- 
mum moment, which will be either, 

w .1^ w l^ 



^=^— T2^; or ilf = -2,- + 



8 



Having considered the transverse stresses on rolled 
girders I now return to the use of the published tables of 
strengths issued by the manufacturers and their agents. 

In some cases the strengths given are prefaced by the 
formulae used and the tensile resistance of the metal adopted 
as a basis. Where these data are given there is no trouble 
about determining any section required, for if we know 
that the tabular numbers refer to steel of 32 tons per 
square inch ultimate tensile resistance, and if we only intend 
to specify for 28 ton steel, we lower the tabular number by 
oiie-eighth, and so on for other specified strengths. Where 
the data are not given, but merely working strengths, said 
to be one-third of the breaking weight, we must find what 
strength of metal was accepted as the basis of calculation, 
by calculating the strength from the sheets of full-sized 
sections of rolled girders issued by the manufacturers. 

I have in this way checked several published tables, and 
in some cases have found that a much lower tensile strength 
has been assumed than that which is shown by tests made 
in England, of bars taken promiscuously from a parcel from 
abroad. 

Another point to be noticed is that different agents pub- 
blish tables which do not give the same resistances for 
similar sections, although they probably all come from the 
same mills; this, however, cannot be proved, and therefore 
we can only safeguard ourselves by specifying the strength 
We require and rejecting all parcels of which samples, when 
tested here, fail to meet the requirements prescribed. 
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In connection with the use of these tables it is desirable 
to treat of the so-called " compound " girders, which are 
made by using rolled girders with plates riveted on to 
the flanges to give additional strength. 

In Fig. 12 three sections of compound girders are shown; 
that at A is built up with two rolled joists e e, and a top 
and bottom plate / /. The strength of this section will 
not be equal to that derived from theory on the assump- 
tion that the whole section is solid or continuous, for — 
setting aside the loss by rivet holes — ^the distribution of 
longitudinal stress by the rivets r, r, /, /, is very irregular, 
and if the most that can be done is, the partial riveting of 
contiguous flanges to the plates by rivets / and r", the 
arrangement still remains a shaky one^ and the loss of 
strength amounts to from ten to twenty per cent. The 
section B which is made up of two channel irons or steels, 
g g, and two plates A A, is a better section, as the rivets r 
get a fair hold of the channel irons, and after deducting 
the rivet holes this form does not probably lose more than 
ten per cent, in strength as compared with a solid section. 
The same may be said of section (7, which consists of a 
rolled girder i, with top and bottom plates riveted on as 
shown, for in this case both sides of each flange of the 
rolled girder are riveted to the plates. Of course more 
than one plate may be riveted upon each flange if 
required. 

In Fig. 13 A B shows a side elevation of a girder built 
up with plates and angle irons, and (7, D, and E show 
transverse sections of girders of this type. These are used 
for longer spans than those for which solid rolled girders 
can be used, as there is a limit to the depth of the latter, 
while that of the built girder can be made anything that is 
desirable. 
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The common practice is to regard the M'eb h as carrying 
the load vertically, by virtue of its resistance to shearing 
stress, the flanges taking the horizontal stress and keeping 
the web rigidly stretched so that it cannot fail by twisting. 
If the flanges of the girder are of a thickness which is 
inconsiderable in comparison with its depth, the horizontal 
stress may be regarded as uniform throughout their thick- 
ness, so that the section multiplied by the direct resistance 
and by the distance from the centre of gravity of the flange 
from the neutral axis of the girder will give the moment 
of resistance. In order to be on the safe side the distance 
of the plate from the neutral axis is usually measured from 
the nearest surface, instead of from the centre of gravity 
of its section, so that for purposes of calculation the depths 
of the several sections shown would, in each case, be repre- 
sented by d» 

Now leaving out for the present the value of the con- 
necting angle iron t, we will see what difl^erence exists 
between the two methods of calculating the moments of 
resistance of the flanges for an average case. Let the 
girder be 2 feet 6 inches deep and have each flange formed 
by a plate 12 inches wide and 4 inch thick. If the girder is 
iron we take the outside working stress as 4 tons per sectional 
square inch ; this will be right for the compression flange, 
and will make allowance for loss by rivet holes in the 
bottom flange, where the working tensile resistance for 
nett sectional area is five tons. 

The moment of resistance of the two flanges, worked out 
b}' the formula for solid beams is, 

Jf =^^{6^-6rf.'} = ^^(l2 X (3Ce- 12 X (29)>) 

= 696-26 inch-tons. 
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Calculating this moment by the second method we 
have, 

M = 3.b. J(i- (ii| x-| = 4 X 12 {30 -29] X ~ 

= 696 inch-tons ; 

a difference which is practically unnoticeable. 

Some engineers ignore the angle-irons in calculating the 
sectional areas of the flanges, but I think this waste and . 
always take in the horizontal members of the angle-irons as 
parts of the flange. 

As an example I will assume that a wrought-iron girder 
is required 40 feet span to carry a load of 60 tons equally 
distributed along its length. It is in the nature of builder's 
work that there should often be restrictions as to the 
allowable depth and width of girders, but sometimes there 
is freedom in this matter, and then the most economical 
section should be adopted. The effective resistance of the 
flanges will obviously increase as their distance from the 
neutral axis increases, and their sections may therefore be 
reduced in the same ratio. When the flanges consist of 
more than one plate each it is not necessary to continue 
the central sectional area throughout the length of the 
girders, the plates may be reduced in number as the stress 
diminishes in either direction towards the points of support. 
I have found that the actual weight of plate girders thus 
designed amounts to an average of 12 per cent, over their 
theoretical weight; this includes rivet-heads and cover, 
plates on the flange, and loss because the plates are not 
tapered down to fit the cuiTe of stress exactl}'. The stress 
upon the web being vertical shearing stress is not affected 
by the depth of the web, but is constant, therefore the 
lyeb sectional area should be constant ; but this is imprac- 

F 
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ticable, because there is a practical limit to web thickness 
below which it is UDadvisable to go. The webs of deep 
girders being merely their plates, require securing from 
buckling by ri vetting on the . iron stiffeners, k, k, &c., 
Fig. 13, and these form parts of the web and should be 
included in its weight. As the load is equally distributed 
one-half is carried on each support and the shearing stress 
on tfee web at^he centre of the span is nothingr From 
this point it increases in each direction directly as the 
distance from the centre, so that at any point distant x 

from a support it becomes = w "o "" ^ [ > when the pier 

is reached a; = and the vertical stress =: — ^* 

As the laws under which the web stress occurs vary 
from those relating to the flange stresses, it follows that for 
each girder there must be a ratio of depth to span, corre- 
sponding to the lightest weight of girder to carry a given 
load, and a formula for this ratio must be found. Let 
7 = the span in feet; d = the depth of girder in feet 
between flanges ; tv =? load per lineal foot in tons ; s = 
direct mean resistance of iron in tons per square inch. 
A =: sectional area of both flanges together in square inches ; 
a' := vertical sectional area of web (including allowance for 
stiffeners, &c.) in square inches ; i = average thickness 
corresponding to this sectional area in inches ; A = total 
sectional area of web and flanges. 

I have already shown that the moment of stress at any 
point, under an equally distributed load, is 

The moment of resistance in a plate girder will be equal to 
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the area of the flanges multiplied by their mean resistance 
and by half the depth of the girder, therefore as the moment 
of resistance is equal to the moment of stress, 
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therefore, 

a = 



s,d s , d 



The weights of homogeneous bodies vary as their sec- 
tional areas, so the flange weight — adding in the 12 per 

cent, waste — will vary as 112 j — — '—\- ; and the 

•^ [s.d s.d ) ' 

weight of the web will vary as its sectional area (in square 

inches the same as the flanges are taken), or a' := 12 . d , L 

The whole weight will vary as A^ and 

A^l-Ul^,-"^] + 12. d.t. 
\s.a s.d) ' 

w x^ 
Here we find the positive quantity 112 — -i + 12 . c? . /, 

w I X 

and the negative quantity — 1*12 — -r-, varying with d^ and 

it is evident that if a point is reached when the value of A 
is a minimum, and about to change from the descending to 
the ascending value, if the increment of d is indefinitely 
small the two values will be equal. Let/ be an indefinitely 
small increment in the value of d, and A^ = the corres- 
ponding value of total area, then 

Deducting this from the value of A, the remainder should, 
when the value is a minimum, = 0, therefore 
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I'l2.w x'^ Vl2wx^ I'Uwlx I'Uwl.x , 

8.d -'8{d+f)'^ s.d + s(d+f) '^^"^^ 

-12/((^+/)^0; 
therefore, 

ia2^_t£_^ (1 1 ) _ l'l2wlx (1 1 ) 

_ l'V2wx'' ^ f _ w,l.x ^ f 



d' + df s rf' + df 

But as / is taken as indefinitely small in regard to d, the 
term df as compared with d^ may be neglected, hence — 
dividing both sides of the equation by / we get — 

-, f^ M _, 1'12 wx^ __ 1'12 wlx ^ 
5. (f* s .d" ' 

multiplying both sides by d, 

l'l2wx^ 1'12 wlx 



I2td = 



s.d s ,d 



Which shows that the vertical area of the web should be 
equal to the sum of the areas of the flanges, plus 12 per 
cent. 
The value of d for any point is found, for a? — 



therefore 



whence 



12 / = — ^ ^^ - ^'^^^^^^ 
s.d s , d 

09Swx^ 009i wlx 



t^ 



s. d^ s ,d 



i 



S,t K } 

d = 0-305 .y/J^} 
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* 

To get rid of the negative sign this may — without alter- 
ing the arithmetical value — ^be written — 



This formula, worked out for different points in the 
span, will give the girder the form of a semi- ellipse, but for 
our purpose the girder flanges will be required to be parallel, 

80 the depth at the centre, where a? = ^ > is the only one 
required, and the expression becomes — 



^=»-»«V.^l'-'l=«"'V^^-^ 



t 



= 0-305 






In the example taken there is a load of 60 tons upon 40 
feet, that is, 1*5 tons per lineal foot. Taking into con- 
sideration the loss of rivet-holes in the bottom, tension, 
flange, I shall take the direct working resistance of the 
flanges all round as 4 tons per sectional square inch for 
both tension and compression, measured by the gross sec- 
tional area. 

The shearing stress upon the web at the points of support 
is half the total load — 20 tons, and this, taking the working 
resistance to shearing as 4 tons, will require 5 square inches 
of vertical sectional area. At one quarter of an inch thick- 
ness the web would give this sectional area if it were only 
20 inches in height, but a less thickness may not be used, 
and this would require to be stiffened en both sides by tee- 
irons, which may be 6 inches x 3 inches x J-inch thick, 
spaced 4 feet apart. The sectional area of the two tee- 
irons will be, 

2 {6 -I- (3 — 0-375)} 0-375 = 647 square inches. 
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TbU averaged over 4 feet (= 48 inches) will give the 
average thickness of 

?-tI = 0135 inch thick. 

48 

This added to 0*25, the thickness of the webplate^ makes 
0*387 inch, and with 6 per cent, for rivet-heads the effective 
thickness totals up to 0*4 inch. The most economical depth 
will be, 

d = 0-305 ./J^, = 0-305 ./JI^SK 
V4.5.^ V4x4x0-4 

= 5-906 feet. 

Practically 6 feet. In some places this might be admissible, 
as, for instance, to carry the wall of a factory across a 
stream, so I shall detail the girder under this supposition ; 
and also on the supposition, for a second example, that the 
depth is limited to 3 feet between the flanges. 

Let S = the total resistance of the top flange, and T = 
the total resistance of the bottom flange, then the moment 
of resistance of the whole section will be. 

The flanges will be so proportioned as to give equal direct 
resistances, therefore the moment of resistance of one flange 

will he S X o, a-nd this must be made equal to half the 
moment of stress, or 



2 



~"2 "" ~8^ X 2 ; and lb — ^^ ^ 

The stress on either flange will therefore be, 

^ IV. I' 1-5 X (40)^ .^^ 
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The top flange is in compression, so the gross sectional 
area, at a working stress of 4 tons per sectional square inch, 
will be, 50 -r 4 =; 12*5 square inches. If the angle-irons 
connecting the web to the flanges are 3 in. x .3 in. 
X $ in., the horizontal limbs of the two angle-irons under 
the upper flange will give a sectional area of 3 square 
inches, leaving 12'5—3=;:9*5 square inches of sectional 
area to be made up in the flange-plates. Two plates 10 in. 
X ^ in. would be used, thus giving a slight margin of 
strength. 

The strength of the bottom flange is equal to its nett 
sectional area multiplied by 5 tons per square inch, so the 
total nett area will be 50 -f- 5 =: 10 square inches. Deduct- 
ing the rivet-holes from the horizontal limbs of the angle- 
irons there is left as nett area, the rivets being J inch dia- 
tneter, 

i {3 -I- 3 — (2 X 0-75)} = 2-25 square inches. 

The area remaining to be made up by plates will be 10— 
2-25 = 7*75 square inches. If two 10 in. x i in. plates 
are used, the same as in the top flange, the nett sectional 
area is 

J {10 — (2 X 0-75)} .2 = 8-5 square inches, 

which gives also a slight margin of strength. We should 
not make any difference between the two flanges, and it 
will generally be found that the bottom and top flanges in 
moderate-sized plate girders come out nearly equal, the loss 
by rivet-holes in the bottom flange nearly balancing the 
extra resistance per square inch and tension over com- 
pression. - . 

It will not be necessary to carry the outside plates the 
yirboje length of the girder, as the flange-stresses diminish 
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from the centre towards each end, and to save the trouble 
of calculating the whole curve of stress, it will be con- 
venient to have a formula to show where the plates may 
be discontinued. We know that when we stop off the out- 
side plate the sectional area of the flange will be reduced 
to 13 — 10 X i = 8 square inches. As there is a formula 
for calculating the required sectional area at any point, it 
can be transposed to give an expression for any known 
flange area, such as at//. Fig. 13. Let a = sectional area 
of one flange. 

The equation for the sectional area of the flange at any 
' point distant x from one point of support is, 

 ^ WX^ W ,1 .X 

"" 2.5.rf~'2.5.rf 

w, ?, Xy and d are the quantities required for solving this, 
but now the formula wanted is to solve the equation in 
regard to x when a, tv, /, and d are given, from the above 

2 ' s »a . d 



a^ " Ix :=z 



w 



As I can never be less than or, it follows that the equivalent 
of aj' — i J7 must have a negative sign, or 

, , 2 , s . a .d 

w 

To solve this equation the square on the left-hand side 

must be completed by adding 7 to it, and the same quantity 

must of course be added to the other side of the equation ; 
then 

- 4 4 w 
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Taking now the square roots of both sides, 
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The square root can be either plus or minus, for a x a^^a^y 
and so does — : a x — a. So the quantity under the radical 

sign can be added to or deducted from — = half the span. 

This shows there are two points equidistant from the centre 
where the outer plate can be stopi)ed, the distance being, 



-wi- 



2 s . a »d 
w 



Seferring to the top flange, the area a is reduced, at the 
termination of the outer plate, to 8 square inches, there- 
fore the distance the outer plate extends on each side of 
the centre of the span is, 



= ./,^0^.,2X4X8X6^^^ 
V 4 1-5 

and the whole length of the plate will be 24 feet, and it 
will terminate therefore at 8 feet from each pier; the 
accuracy of this may be checked by calculating the required 
area at those points — 

— ^'^ — ^^^ — 1'5 X 8' _ 1-5 X 40-8 
^"'Zsd 2 8d.^ 2in X6 2~>r4 X 6 

= 8 sq. inches. 

The minus sign hero has only the significance that the top 
flange is in compression and the bottom in tension. 
The outer plates may be obtained in one length, but 
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the inner plates cannot — at least, in iron— so a cover-plate 
will be required at the centre. The total sectional area of 
the rivets on each side of the joint should be equal to the 
sectional area of the plate connected by them to the cover- 
plate, as the resistance to shearing is the same as that to 
compression. Rivets j inch in diameter will be used, and 
the sectional area of each is 0*44 square inch, therefore the 
number required on each side of the joint will be 5 square 
inches -^ 0*44 = 12 rivets, as we cannot have part of a 
rivet. The rivets will be in two rows and 4 inches pitch, 
so the cover-plate reaches 6 x 4 = 24 inches on each side of 
the joint and 4 feet long in all. Each angle-iron has a sec- 
tional area of 2*75 square inches — deducting the root — and 
will therefore want 2 75 -r- 044 = 7 rivets on each side of the 
joint. As the angle-irons are.jiveted zigzag, 4 rivets may 
be put in one limb and three in the other. Angle joint 
covers are rolled with round, instead of square, comers, so 
as to fit properly in the angle-irons they join. If the edges 
are kept flush with those of the main angle-irons, they 
must be made thicker. A round-back angle-iron 2\ in. 
X 2i in. X f in. thick, will fit in a 3 in. X 3 in. x i in. 
angle-iron, and will give nearly the same sectional area, 
the one being 2*75 and the other 2*734 square inches. 

I will now take the second example, in which it is 
assumed that the depth of the girders must not exceed 5 
feet. The flange area at the centre of the span will be, 



a = 



W.P 1-6 X 40' ori • u * 

— ^ =25 square inches. 



8.5.rf 8x4x3 



The sectional area being twice that required in the previous 
example, more flange-plates will be required, and there* 
fore larger angle-irons to connect them to the web. Let 
4 in* X 4 in, x ^ in, angle-irons be ue^d for this purpose, 
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then the angle-iron area available in the top flange will be 
4 square inches, which will leave' 25 — 4 = 21 square 
inches to be made up in plates. If the flange is made 12 
inches wide the total thickness required at the centre of 
the span will be If inches, and this may be made up with 
a 12 in. x i in. plate next the angle-irons and web, and a 
1-2 in. X J in. plate next to that, and a 12 in. x J in. pl^te 
outside. 

The netb area required at the centre of the bottom flange 
will be, 

a = J?-iiL = JLLXJO^ = 20 square inches. 
S.s.d 8x4x3 ^ 

If the same plates are used for the bottom flange as for 
the top, and angle-irons also of the same size, the total 
nett area of the flange will be, deducting rivet-holes, 

(12 - 1-5) 1-75 + J {4 + 4 - (2 x 0-75)} 
= 21*625 square inches, 

which allows a slight margin over the area actually re- 
quired. 

When the outer plate is stopped off the remaining sec- 
tional area will be 21*625 — 9 =12*625 square inches, and 
therefore the length of the- outer plates on each side of the 
centre of the span should be 



■" V 4 tf ^V 4 



2 X 4 X 12*625 X 3 



1*5 
= 14*071 feet. 



The total length would be 28*142 feet ; but to fit the rivet- 
pitch the length will be fixed at 28 feet 4 inches. 

When the second tier of plates is stopped the remaining 
flftnge area will b^ 12*625 - 6 = 6*625 square inches^ ther^- 
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fore the length of the seoond tier eaeh side of the centre 
will be, 



_ /l^ 2.g.a.<^ /40* 2 X 5 X 6625 x 3 

" V 4"" w ^ V 4 ^ 1-5 

= 17146 feet; 

BO the total length would be made 34 feet 4 inches. All 
the tiers of plates will have joints in them and require 
eover-plates. 

Having now before us an example of a plate girder, in 
which each flange comprises several plates, a convenient 
opportunity occurs for dealing with the disposition of the 
rivets. Fig. 14 shows — to a distorted scale — a diagram 
elevation of the girder now under consideration ; its total 
length is 43 feet, 18 inches being allowed at each end for 
bearing. The distortion of the plate thickness allows their 
divisions to be clearly shown. The rivets are all to be J 
inch in diameter, and 4 inches general pitch. I say general 
pitchy because we may come upon some connections where 
it must be varied ; but it must be evident that keeping to a 
uniform pitch facilitates the execution of the work and 
renders its appearance when complete more symmetrical 
than it would be, were this point neglected. 

The outer and second tiers of plates both suit for odd 
numbers of pitches, 85 in the outer, and 103 in the second 
tier, it will therefore be necessary to have a rivet in the 
centre of the span and set out both ways from it. If the 
number of pitches were even there would be a rivet on each 
side of the centre, and two inches from it. Both flanges 
will bo made alike, and the corresponding tiers of plates 
in each are indicated by the letters a, 6, t. For ordinary 
iron girder-plates it is not economical to run the plates over 
20 feet long, as the cost per ton increases with the length, 
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and it is better to keep them shorter than this where con- 
venient. Economy in cover-plates has also to be considered, 
and by bringing several joints under one cover-plate there 
is a saving. A cover-plate pq is shown in the side eleva- 
tion, covering the three joints /, i, and n, in the plates e q, 
h ky and m o. Assuming these plates to be all of the same 
thickness, and that pfis the lap required on each side of a 
joint to receive the necessary number of rivets, it is evident 
that, if all the joints had separate cover-plates, the total 
length of these would be equal to twice the number of laps 
that there are joints — in this instance^/ X 6 ; but the joints 
in the plates can be brought together so that e/=/t=:in 
=^nq ; q' being vertically below the point q^ then the length 
of cover-plate is only «/ x 4, saving two laps, and the 
greater number of joints that can be thus brought together 
the greater is the saving in cover-plates. The theory of 
the duty of the continued cover-plate is this : — The stress 
upon the plate e/ is picked up by the cover- plate and trans- 
mitted through the rivets to no; that upon h i passes to 
fg ; and the stress on mn to ik. Similarly, if a joint in a 
plate can be brought to the normal termination of the plate 
above, this latter may be made longer to form a cover-plate 
to the joint beneath. 

This matter being thoroughly understood, we are pre- 
pared to arrange the joints in the flanges. The inside plate 
tier being 43 feet long must be in three lengths ; the others 
may be in two lengths each. The cover-plate for the out- 
side tier must of course be f inch thick, and one lap for 
that tier will require rivets equal in total sectional area to 
that of ^he -plate, 12 x f = 9 square inches ; and 9 -f- 0*44 
= 21 rivets, but as there are two rows of rivets the length 
of lap will correspond to 11 pitches or 44 inches = 3 ft. 
8 ins. The lap for the other tiers will be 6 -f- 0*44 = 14 
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rivets = 7 pitches = 28 ins. = 2 ft. 4 ins. Now if we can 
placid this' (SoY6r*plat6 in the centfe of the span the exten- 
sion of its ends will cover also 1^he joints of the inner tier, 
for its total length is 9 ft.-8 ins. and 43 ft. —9 ft. 8 ins.== 
33 ft. 4 ins., of which half =16 ft. 8 ins. would he at each 
end, and the 9 ft. 8 ins. in the centre of the inner tier of 
plates, to pick up the joint in which the cover-plate would 
require to he lengthened to 14 ft. 4 ins. 

Placing thiseover in the centre of the span would throw 
the joints in the outer and second tiers of plates 1 ft. 2 ins. 
on each side, giving in the outer tier a maximum length 
of 14 ft. 2 in. + 1 ft. 2 in. = 15 ft. 4 in., and in the 
second tier 17 ft. 2 in. + 1 ft. 2 in. = 18 ft. 4 in. — none 
of which would be inconvenient lengths. 

The strength of joints such as these does not depend 
alone upon the shearing resistances of the rivets but is cer- 
tainly helped by the friction between the plates, which are 
drawn closely together by them. This frictional resistance 
has by some writers been estimated sCs greater than the 
shearing resistance of the rivets, but their modes of calculat- 
ing have not always been practical. When the rivets have 
cooled they cannot press the plates together with a force 
exceeding their limit of elasticity, that is, the point at which 
permanent elongation occurs ; this is taken at eight tons, 
and assuming all this to act, and the co-efficient of friction 
of iron upon iron to be 0-25, the frictional resistance of 
the plates to moving would be 8 x 0*25 = 2 tons per sec- 
tional square inch . of rivet area, so without using a factor 
of safety this shows half the amount of the working shearing 
resistance. If half of this can be relied upon, the strength 
of the riveted joint ivill be 25 per cent, more than that 
calculated from sheairing resistance, and this is really 
wanted, as the bearing surfaces in the rivet-holes are com- 
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monly deficient in area. In single shear a | rivet has a 
shearing sectional area of 0*44 square inch = 0*44 x 4 tons 
= 1 *76 tons working resistance to shearing. This rivet in 
a half-inch plate has a bearing = 0*75 x 0*5 = 0*375, which 
in compression shows a working resistance of 0*375 x 4 
tons = 1*5 tons only. 

In regard to the matter of rivet bearing, it is obvioas 
that if it passes through plates of different thicknesses, its . 
diameter cannot be proportioned to all; but if it passes 
through, say an angle-iron and one plate, each of the same 
thickness, the ratio of plate thickness to the diameter of 
the rivet may easily be determined. The resisting surface 
upon which any rivet bears is its diameter multiplied 
by the thickness of the plate through which it passes, for 
this represents the area at right angles to the line of 
thrust. The shearing and compressive working resistances 
are equal, each being 4 tons per sectional square inch, 
therefore the shearing area should be equal to the bearing 
area. If Z> =: di& meter of rivet, and t = the thickness of 
the plate, then the shearing area is equal to i>' x 7854, 
and the bearing area ^=zty,D. Equating these quantities, 

D" X 0-7854 = / X 2>; / = 0*7814.2); D = 1-273./ 

For the class of work with which we are dealing, the use 
of }-inch rivets is almost universal, and to give it a bearing 
equal to its shearing resistance, the plate thickness should 
not be less than 

/ = 7854 . x 0-75 = 0-589 inch, 

which is nearly f inch. 

In the top or compression flange long cover plates are 
not required theoretically, as, if the plates butt truly 
against each other over the whole of their contiguous end. 
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surfaces, there can be no stress upon the rivets, and the 
only object of the cover is then to keep the ends of the 
plates in juxtaposition. In practice, however, this accurate 
meeting of the ends cannot be relied upon, for although 
such joints no doubt often are made, we have no means of 
proving the contact, and therefore, for safety, the compres- 
sion joints are dealt with in the same way as those under 
tension. 

The rivets required for the web-plate joints will also 
require calculating, and if the web is of insufficient thickness 
to afford adequate bearing area to one row of rivets on 
each side of the joint, the cover-plates must be widened to 
take more rivets. This joint must be calculated, not only 
as regards the number of rivets necessary to carry the 
vertical stress, but also in refchrence to the web thickness. 

The shearing stress upon the web at the points of 
support is half the total load, or 30 tons, and this will 
require in the end web plates a vertical sectional area of 
30-r^ = 7'5 square inches. The height of the web is 
36 inches, therefore its thickness must not be less than 
7*5-^.36 =0*2 inches, less than i inch. Plates ^ inch 
thick, with stiffeners every 4 feet over the clear span, 
would be used, and the whole length made up of four 
plates, one on each side of the centre of the span 10 feet 
long, and two end plates 11 feet 6 inches long each. The 
vertical stress on the web at any point is equal to the 
distance of such point (y) from the centre multiplied by 
the load per lineal foot of span (w). At the centre there is 
no stress upon the web, but at the joint 10 feet nearer the 
pier it is, 

= M? X y = 1*5 X 10 = 15 tons. 

The bearing surface required in the rivet-holes to sustain 

G 
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this will be 15 -f- 4 = 3*75 square inches. At 4-inches 
pitch there will be nine rivets in the depth of the web^ 
and the total bearing area corresponding to this number 
will be 

= 9 X 0*75 X 0-25 = 1*687 square inches. 

which is quite inadequate to the stress ; more rivets must, 
therefore, be used, although the nine rivets in one row — 
being in double shear as a cover is put on each side of the 
web — give more than ti?*ace the shearing resistance neces- 
sary. The number of rivets required will be, 

3*75 
9 X Yigg^ = 20 rivets 

on each side of the joint. This means more than two rows, 
and therefore for the vertical joints the pitch of the rivets 
will be made 3 inches, to give twelve rivets in one row. 
The rivets may be zigzagged, as shown on the elevation 
in -Fig. 14 ; and the cover-plates u will be made i inch 
thick, so that the stiflfening irons v, of which the ends are 
riveted through the angle-irons and web, can be flush, and 
so save joggling their ends. On each side of the joint 
twelve rivets go through the 6 in. x 3 in. x # in. tee-irons 
and the cover-plates and web, and eleven rivets through the 
cover-plates and web only. This makes a very rigid stiffen- 
ing, and the other tee-irons will be packed similarly, but 
with only six-inch wide bars between the main angle-irons. 
There will not be any stiffeners at the centre web joint, and 
there is no vertical stress there except under a changing 
load, so there a ^inch cover-plate on each side of the web 
with a row of nine rivets on each side of the joint will be 
ample. A four-inch rivet pitch will also be sufficient for 
the tee-iron stiffeners that do not come over web joints. 
The ends of the girder will be strengthened by end plates 
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X, Zy of the same width as the flanges and the same height 
as the web, and connected to the web by 4 in. x 4 in. X 
i in. angle-irons, meeting the main angle-irons in a mitre- 
joint. 

Directly over the front edges of the supporting piers will 
be riveted 4 ins. x 4 ins. x i in. angle irons on each side 
of the web, but these will pass on to the main angle-irons, 
and be packed up in the same way as the tee-iron stiffeners. 

The stiffening of the web is very necessary over the piers, 
as there the vertical force is at its maximum, and becomes 
essentially a crippling or buckling force on the web, which 
being there on a solid bed cannot yield at its lower edge. 

When the stresses on the flanges require very large sec- 
tional areas, broad plates are used to avoid having to make 
the flanges of an excessive number of plates, and broad 
plates are also sometimes used where the girder is required 
to carry a thick wall. In such cases the single web is not 
sufiicient, as the flange-plates and the angle-irons would 
have to do heavy duty as cantilevers, and therefore a doable 
webbed or box-girder of the section shown at Ey Fig. 13, 
should be used. 

The work imposed upon the rivets connecting the angle- 
irons with the web, and those connecting them with the 
flanges, must be considered in order to decide upon a mini- 
mum rivet-pitch. It is obvious that the increase of stress 
from one rivet to the next must be carried from the web 
to the angle-irons and from the angle-irons to the flange 
through the rivets connecting them together. The angle- 
irons are connected to the web by rivets in double shear, 
and the angle-irons to the flanges by twice the number of 
rivets each in single shear, so that for each increment of 
stress the pitch required will be the same in both con- 
nections. 
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Starting from one point of support the flange stress in- 
creases in a gradual decreasing ratio to the centre of the 
span, therefore the closest pitch is required near the sup- 
ports. If re = the distance to one web rivet, from the pier, 
and Xi that of the next rivet from the same point, the shear- 
ing stress to be borne by the further rivet is equal to the 
difference of stress between the two points indicated. At 
the pier face the stress on the flange = ; four inches (=^ 
ft.) from it the flange stress is. 



S = 



W ,0? W,l .X 



- I (i)' - 40 X i| = 3-305 tons. 



2.d 2.d 
1-5 



2x3 

The sectional area of a | rivet is 0*44 inches, it is double- 
shear, and therefore its working strength is 44 x 2x4 
tons =:■ 3*52 tons. The strength being sufficient with a 
four-inch pitch at this part of the girder, a longer pitch 
might be used towards the centre of the girder. At the 
centre of the span the increment in four inches will be, 

= 027 tons. 

We must, however, have the constituent parts of the girder 
held securely together, and for those built up of plates and 
angle-irons where i-inch rivets are used, I should never 
make the pitch longer than four inches. Where the number 
of flange-plates is such as to require rivets of greater dia- 
meter to draw them together, the pitch may be increased— 
for ^-inch rivets to 5-inch pitch, and for inch rivets to 6- 
inch pitch. 
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I know that in builders' iron-work these pitches are com- 
monly exceeded, presumably to save money, but such prac- 
tice is altogether bad, and should not be tolerated. 

When'a wall is carried directly upon a built-up, or on a 
compound girder, a flush top is required — there should be 
no rivet-heads projecting above the level of the top flange 
plates, and then the rivets are countersunk in the top plate, 
as shown at Ay Fig. H. The heads of rivets so made are 
of course inferior in strength to the " cup " heads, but as 
there is no axial stress upon them in this case, this is not of 
any great importance ; where, however, this course has to 
be followed it is better to use one thick flange-plate than 
two thin ones, for the countersink should not be carried 
more than one-third down into the thickness of the plate. 

In order to carry out the designs of the architect it is 
frequently necessary to use inclined, bent, and curved 
girders, and with these I will now deal. 

In Fig. 15, A B represents an inclined girder with its 
ends cranked into a horizontal position, and supported on 
rollers which rest upon horizontal beds, on piers C and D. 
If a load, }F, is suspended from the girder it will not causa 
it to move laterally, because the only available resistances 
are the vertical reactions of the piers. If the student has 
any doubt about this matter, he should make a model — it 
is a very simple affair — and so set his mind at rest as to 
the fact. 

The reasoning is very clear — all weight acts, in the first 
instance, vertically, the re-acting stress equilibrating the 
weights acts at right angles to the plane of the supporting 
surfaces, and if these are horizontal the re-actions must bo 
simply vertical. 

If the bearing surfaces are inclined, say, to the **rake'' 
of the girders, as shown at E F, there will be a sliding 
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force acting upon the girder. The load carried to the pier 
£ will act in a vertical direction such as k i, intersecting the 
surfaces of contact at a point g. Let gi equal, to any 
convenient scale, the load upon the pier E, Then com- 
plete the parallelogram of forces by drawing through 
the point g a straight line at right angles to the support- 
ing sui-faces, and tenninating it where it meets a line i h 
drawn from the point i parallel to those surfaces, and 
from h draw upwards the vertical line h m. Then in the 
parallelogram gih m, g m represents the sliding effort on 
the pier, and gh the normal pressure upon the bearing- 
surface of the same, which will tend to overturn the pier 
inwards. This form of support must always be avoided. 

Horizontal bearings being supplied, the moments of stress 
will be calculated in exactly, the same way as those for a 
horizontal girder, the values of x being measured horizon- 
tally, and the effective span I being the horizontal distance 
between the supporting piers C and D, In ordinary build- 
ing work the rollers shown in the figure are not used, as 
the spans of the girders are not large enough to require 
such special arrangements to allow for contraction and ex- 
pansion under alterations of temperature, but I have here 
shown them as being advisable to use in the model referred 
to above. 

Girders of this form are required to support " ramps ' 
in warehouses, on which trucks are run from one level to 
another, also for the inclined horse-runs in buildings which 
have stables upon floors above the ground level. 

In Fig. 16, ^, J5, and C show three forms of staircase 
carriages, and the strength of these and the stresses upou 
them are calculated in the same way as that given above— 
so long as the bearing-surfaces are horizontal, the values of 
X and / are measured horizontally. 
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Having determined the stresses upon the flanges for a 
full equally-distributed load, we have covered all stresses 
that may be brought upon any part of the flanges by a 
partial load of the same intensity per lineal foot, but this is 
not the case in regard to the web. It will constantly 
happen that a main floor-girder, for instance, is only parti- 
ally loaded, and this occurrence will bring shearing stresses 
upon the web that arc not covered by those appearing 
under a maximum uniformly-distributed load. I shall 
assume that we have a floor girder of 20 feet span, loaded 
with one ton per lineal foot, and plot the curve of stresses 
at every foot under a retreating load. 

Let A Bf Fig. 17, represent the horizontal line of the 
web, divided, as shown, into twenty parts, with vertical 
lines drawn down from each division, on which to plot the 
ordinates of the curve. 

When the girder is fully loaded, the reactions, and there- 
fore the shearing stresses, ar% equal over each point of sup- 
port, one half of the weight %emg carried by each, and 

5 = J2' = - y - = ^ — = 10 tons. 

This is plotted ofi* to scale and shown by the ordinate A o ; 
under this load the stress on the centre of the web = 0, as 
half the load passes each way to the respective points of 
support. Now suppose the load to move towards J?, until 
the part \ — B alone is fully loaded, then the reaction R 
will be — 



tg X (1 Jg) X 9-5 



1 X 1 9 X 9-5 _.._^ 
20 = 9 025 tons. 



The distance 1 — B gives the length over which the load ex- 
tends, and its centre of gravity is 9*5 feet from the support 
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Bj and it acts upon the support A with this intensity, while 
the reaction has a distance of / = 20 feet about the point JB, 
and by this we divide the downward moment to find the 
reaction. 

Now, as there is no vertical force acting between A and 1, 
this shearing force will be constant to that point, and its 
value is plotted in the ordinate 1 ... 1. , 

Proceeding in the same way with further consecutive re- 
trogressions of load to the centre of the span, we obtain 
the following ordinates : — 

^ ^ 1x18x9 o,„^^ 
2.. 2 = 20 =8100 tons. 



3..3 = llIlili:i=7-225 

- 1-x 1 5x7 -5 
^••^=—20 = ^'^^^ 

7..7 = iiiii^^ = 4-225 

8..8 = — i^^- =3-600 

9..9«li^liL5:? = 3025 

10. .10^= ^^^^^^ «2-600 



it 



if 



a 



»> 



>» 



»> 



>> 



)} 



There is no need to carry this curve any further, as it would 
have continually diminishing ordinates, if the load had been 
moving towards A ; a curve of maximum shearing stress 
would have been described for the other half of the web, 
similar to that shown by the line 1, 2, 3 . . . 10 ; and the 
strength of each half of the web must therefore be suited 
to resist the stresses thus found. 
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In practice it will be sufficient to find the stresses A o 

and 10 . . .10, and draw a straight line from o to the lower 

end of 10 ... 10, for the curve is between the straight line 

—shown dotted — and the line A B, so that we cannot fall 

short of strength, and at the same time the difference 

between the ordinates to the curve and those to the 

straight line does not show any extravagant margin. 

When a load comes upon a girder it must necessarily deflect 

it to an extent proportional to the intensity or magnitude 

of such load. In Fig. IS, A B represents part of a bent 

beam, the dotted line showing the neutral surface and 

being the centre of curvature. From a draw a parallel to 

6 c, then efia the outside extension in the length ab. By 

d 
similar triangles a is. to a 5 as a « is to ef. Let ^ = the 

depth ea, E z=: modulus of elasticity, s = stress per sec- 
tional square inch at e, and B = radius of curvature at 
that point, 

<l 

Oa ae ^^ , ^ 2 dE 
— r = - 7 : therefore it = - = -^ 
ab ef' 8 2$ 

If the stress is uniform throughout the length of the girder, 
the radius of curvature is constant, and the deflection at 
any point is found by the ordinary formula, thus : Let tg 
be a tangent to the circle at e, then to find ghwe have, 

Applying this to girders which have uniform stress through- 
out the flanges, where / = span of girder, d = depth, c and 
t = the stresses on top and bottom flanges respectively in 
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ions per sectional CMjuare inch ; « ^ = -s, and ^ A = P = de- 
flection of girder at centre ; then 



ea 



2s ^ e + t^ therefore 



and, 



^"^m 



7)= * ^' (C+ t) 

JTB" SdE 
c + t 

In practice it is seldom that such conditions can be found, 
and if the sectional area and moment of resistance vary, so 
will the radius of curvature ; so it is advisable to determine 
under what laws the deflection varies and fill in constants 

obtained by experiment. 

dE 
If we take the equation R = -a— and include all the 

terms except the load and given dimensions in the term a, 
to be found by experiment, we get, 

^-(^* s' ^-^ SR-Sad- Sad-^ d 

s 

Wl 
But 5 at the centre varies as g-T-, for rectangular beams, or 

Wl 

' = a" 

therefore. 



= '»"t-^ 



i? = a' X J ^-a" X jj, = a'" . -j^ 
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ia which the value of o!" must be filled in from experi- 
ment. 

When the section is not a solid rectangle 6 (3^ is to be re- 
placed by 6 (jP — hid^ • • • • Wn^ as in the determina- 
tion of moments of resistance; let this quantity be repre- 
sented by m. 

For iron of good quality we find the following formulas — 
Let I = span in feet ; W = load in tons ; h and i = breadth 
and depth in inches ; and J) = deflection in inches. 

Cast Iron. — Girder loaded in the centre, 

^ " Urn 
With the load uniformly distributed, 

Cantilever fixed at one end and loaded at the free end, 



I ^~ 7m 

The same with uniformly distributed load, 

7m 
Wrought Iron.— Girder loaded in the centre, 



28, m 
With the load uniformly distributed, 

44.8m 
Cantilever loaded at the free end, 

7 . m 
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The i^ame with uniformly distributed load, 

3 m^ 



D=i 



14m 



For rolled girders supported at both ends and loaded 
centrally, 

18 m 
With uniformly distributed load, 

29 m 
-. For single web riveted girders,: loaded at the centre, 

16 m 
With uniformly distributed load, 



D- 



25. 6m 



For Mild Steel the deflections may be taken as about 0*7 
of those for wrought iron ; but all these figures are only 
approximate. The deflections vary inversely as the mo- 
dulus of elasticity of the materiaU The following are some 
of the results taken from practice :— 

Modnliu of Elastioitj-. 



Cast iron rectangular bars . 


. 6,785 tons to 8,434 tons. 


Square and circular tubes 


. 5,463 „ 


Boiled iron girders 


. 7,304 „ „ 9,630 „ 


Single web plate girders 


. 7,000 „ 


Double ,, ,, 


. 10,500 „ 


Conway (tubular) bridge 


. 8,372 „ 


Boiled English steel gilders . 


. 10,000 „ „ 12,000 „ 



The variations in these figures are so wide that we cannot 
calculate with accuracy the deflection of any given girder 
unless its modulus of elasticity is first determined. 
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In order to prevent girders from deflecting below the 
horizontal line drawn between their points of support, it is 
usual to make them slightly curved upwards ; this is termed 
making them with a " camber/' for which, in built girders, 
the common practice is to allow one inch rise in the centre 
for every forty feet of span ; for other forms this allowance 
should be varied inversely as the modulus of elasticity of 
the material. 

In public buildings of considerable magnitude, in the 
construction of which girders of long span are required, 
plate or other solid webbed girders are unsightly, and if 
the depth of the girder is over four feet, one of the forms 
of open webbed girdets will also be more economical. 



CHAPTER IV. 

TRIANGULAR AND LATTICE WEBBED GIRDERS. 

A SIMPLE form of triangular webbed girder is illustrated 
by the diagram A B, Fig. 19. The web consists of a num- 
ber of equilateral triangles, of which the top and bottom 
flanges form the bases. Although, regarded as a girder, 
the structure as a whole is under transverse stress, all its 
parts are under direct stress. Let a load W be applied at 
the centre of the span, then half will be carried by each 
point of support, A and B. 

We can deal in the simplest way with the determination 
of stresses by applying the principle of the parallelogram of 
forces. From the central apex 1 , let fall a vertical line to 
the centre of gravity of the weight W, and upon this line 
mark off from 1 the distance 1 a, to represent to any con- 
venient scale the weight W; then using the bars 1, 2, as 
sides, complete the parallelogram I b a c; then 1 b and 1 c 
will represent the compressive stresses upon the bars 1, 2, on 
each side of the centre of the span. The web-bars in com- 
pression are termed " struts," those in tension being known 
as " ties." The actual relation of the stress to the load will 
be that of 1 J to 1 a ; therefore 

l.b 



/Tx 



1 .a 



would equal the thrust upon bar 1, 2. Join the points h c, 



98 CONSTRUCllONAL IRON AKD STEEL WORK. 

and the line b c will bisect the line 1 a, so that I h =i ^ JF. 
Now h W is the load which is carried by the bar 1 , 2. Call 
this load = Z, then the stress upon the bar 1, 2 

But the triangle 1, b, h, is similar to the triangle 1, 2, t; 
therefore -J- =--i.. . As 1, 2, is the length of the strut and 

1, f, the depth of the girder, it follows that the load passing 
through the bar being given, the stress upon the bar will 
eqiial such load multiplied by the length of the bar (strut or 
tie) and divided by the depth of the girder. This is a simple 
rule which can easily be remembered. In the case in question 
the whole triangle 1, 2, 2, is equilateral, and its base being 
horizontal and the lino 1 i vertical, the triangle 1, 2, i, is a 
right-angled triangle* By the qualities of right-angled 
triangles (Euc, bk. 1, prop. 47) the square upon the hypo- 
thenuse 1, 2, is equal to the sum of the squares upon the 
base 2 i and the perpendicular 1 i. 1, 2, 2 being an equi- 
lateral triangle, l,2 = 2x2t;ifwe call C = compres- 
sive stress upon the strut 1, 2, then, 

l.t (I-*) 

But, 



(1 . if = (1,2)^ - (2, iY; and (1, i) = y/ (1,2)' - 2( t)» 

As, however, (1,2) = 2 x (2 1) ; 

(1,») = v^{2x (2.1)}' - (2 t)^ =t t/4x(2tr--(2.i)» 
= V 3 X (2 if = 1-732 X (2.1) 
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^ >« 



a> 



i 



o 



to 
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And replacing (1 . t) in the above equation by this value, 

1-732 X (2,t) 

The load, therefore, being known upon any bar at the angle 
of 60 degrees to the horizon, the stress upon the bar is 
found by multiplying such load by 1'164. The angles of 
web-bars are almost invariably either 60 degrees or 45 
degrees with the horizon ; so a knowledge of the factors 
for these two types will usually sufl&ce for all cases. Girders 
with the bars at the latter angle I shall deal with subse- 
quently. 
Beturning now to the diagram A By we find on the bar 

1, 2, a thrust 1, & ; this will cause tension upon the bars 

2, 3, and 2, 2 ; make 2 d = 1 5, and complete the parallelo- 
gram 2, fyby g ; then 2 / and 2 g represent the tensile 
stresses upon the bars 2, 3, and 2, 2. As, however, all the 
triangles made up by lines drawn parallel to those that 
form the girder must be similar to them, these also are 
equilateral, and the lines 2 e, 2 /, and 2 g are all equal, 
and the tension upon the bars 2, 3, and 2, 2, are each equal 
to the compression upon the strut 1, 2. The tensile stress 
on bar 2, 3, will bring compression upon the bars 2, 4, and 
2, 1. Make 3 A; = 2 / (which = 2 e = 1 6), and complete 
the parallelogram 3, n, k, m. Then the compressive stress 
3 71 and 3 m are equal to the tensile stress 3 k (which = 
1 b). This may be repeated to the end of the girder with 
the same results. On every web-bar there is a stress of the 
same intensity, but alternating in character, and at evcy 
junction of the web-bai*s with the flanges an equal stress is 
brought upon the latter ; those on the top flange come from 
web-ties and produce compressive stresses, and those upon 
the bottom flange are caused by struts and create tensile 
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stresses. The stress brought upon the bottom flange by 
the last strut will be one-half the strut stress, as it is re- 
solved vertically upon the pier (as shown by the parallelo- 
gram op r q), and horizontally upon the flange, instead of 
upon an inclined tie and the flange. The vertical pressure 

W 
p r on the pier will be equal to the load L, which = — . 

Now, although the stresses upon the web-bars are constant 
throughout, it is obvious that those upon the flanges accu- 
mulate. Take the top flange, and there are three apices, 
at which they occur. On the bar 7, 5, there is a stress = 
1-154 L; at apex 5, another equal stress is added, making 
2'308 L ; and at apex 3, a similar addition brings the maxi- 
mum stress upon the top flange to 3*462 Z. On the bottom 

flange the stress upon the bar 8, 6, is - x 1 154 Z = 0*577 

X; on 6, 4, it becomes = 0*577 L x M54 L = 1-731 L; 
on 4, 2, the stress is 2-885 L; and on 2, 2, it is =i 4 039 L ; 
adding 1*154 X in each case. 

A comparison of the central flange-stress in this structure 
with one of the same span and depth, but having a plate- 
web, will be instructive. 

Let the span be 70 feet, then every side of a triangle 
will be 10 feet, and the depth 1 i will be, 



d=z y/ (1,2)» - (2, if = V 10' -- 5« = -v/ 75 = 8-66 feet 

Referring to A By Fig. 9, and the equation for moment of 
stress under a concentrated load, we find that 



Mz^Wy^ ^ 
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In the present example the load W is in the centre, and, 
therefore, y = - • replacing y by this value, we get, 

The moment of resistance also is, 

Assuming the total resistances of the two flanges to ht 
equal, S =: T and 

As the moments of stress and resistance must be equal, 
therefore, 

In our present case W z= 2 x L, 

4 4 

Whence, 

T^~^ ^ ^J?. = 4041 L 
3d 2 X 8-66 

The slight discrepancy is due to dropping decimals after 
1*154, which would run out to 1*15415, &c. ; but three 
places of decimals are quite enough for the questions now 
under consideration. 

This comparison of figures shows that the same flange- 
stress is found by each method of calculating when the 
central stress is under consideration ; at any other point 
this equivalence of stress will not obtain, for in the plate- 
webbed girder the increments of flange-stress occur at close 
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intervals, such as four inches, being in fact the pitch of the 
rivets, while in the triangular- webbed girder the intervals 
are long, in the case taken ten feet. This at once suggests 
that a plate-girder might be treated as a lattice-girder with 
its web-bars touching each other, and that a solid rolled 
girder might be regarded as having a web of inclined bars 
indefinitely narrow touching each other. This method 
works out to the same result as that otherwise obtained, 
but for such mathematical refinements I have not space, 
and perhaps my readers would not have the inclination to 
follow them. 

The bars 9, 7, and 9, 8, arc not necessary to the construc- 
tion of the girder, unless it carries its load distributed over 
the top flange, but under a central load the continuation of 
the top flange may be required, so that the ends may be 
built into walls. 

Fig. 20 is a diagram of a girder similar to that shown 
above, but it is assumed to have a uniformly distributed 
load = w tons per lineal foot of span, such as a wall might 
put upon it. This continuous load will put a transverse 
stress upon the top flange between the points of junction 
with the web-bars, and will cause that flange to take the 
duty of a short-span continuoua girder, in addition to re- 
sisting the horizontal stress brought upon it by the ties in 
the web. At present, however, I nhall deal only with the 
direct stresses. 

The load upon the top flange may be considered as car- 
ried at the apices of the triangles, and the load v/ on each 
apex (except the end ones) will be = m? multiplied by the 
base of a triangle, as 5, 3, and 3, 1. On the end apices the 
load will be three-quarters of this, because half the load 
upon the bar 7, 9, will be carried by the upright 9, 8. 

Let the Ycrtical line e e be drawn from thei^x e through 
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the depth of the girder, then the loads on each side of this 
line will be symmetrical, and therefore the stress also, so 
one-half of the girder may be regarded as carrying half the 
load directly to the support upon which it rests. In the 
previous example it is noticeable that all bars, in the web, 
whicli incline downwards towards the nearest support, are 
struts, and those inclining downwards towards the centre 
of the span are ties. This may be taken as an axiom in all 
cases where the construction and the load are both sym- 
metrical, but not otherwise. 

Following the stresses up in this way, those from the 

central apex load w' will be 11 54 x -— upon all the 

web-bars, and these will cause increments of stress of equal 
intensity at every apex. The next apex load, over 3, goes 
entirely to the support A^ and therefore will send through 
the bars 3, 4 ; 4, 5 • 5, 6 ; 6, 7 ; and 7, 8 ; stresses of 
\'\f>^:Mf \ the load over apex 5 will send equal stresses 
through the bars 5, 6 ; 6, 7 ; and 7, 8 ; the load upon apex 
7 will cause a thrust upon bar 7, 8; = J x l'154.ir' = 
0-866 «/. 

An examination of these results will show that the 
stresses upon the web-bars increase in direct ratio to the 
distance from the centre of the span up to the last bar ; 
using - to show tension, and X for compression. 

The Btresa upon bar . 1, 2« + 0'577u''. 

. 2, 3-»-0-677u''. 












„ . 3, 4-+0-677tr' + 1164u;'« + l-73lM;'. 

. 4, 6--1-731W'. 

. 6, 6-= + l-731u;'+l-154a;'«+2-886w'. 

. 6, 7=-2-886w'. 

. 7, 8= +2-885«^' + 0-866w'= +3-761w'. 



Until the end apex is reached the stresses run in the 
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ratios 1, 3, 5 ; so it is only necessary to remember this, and 
for a uniform load, all the web stresses up to the end strut 
may be easily calculated from that upon the first one at the 
centre. 

Upon the top flange at each apex there is, in addition to 
the stress brought upon it by the tie, a stress from the load 
immediately over it, as shown by the parallelogram 3, /, g^ hj 
where, if 3 g z=i vf^ 3 h will equal the increment of hori- 
zontal stress upon bar 3, 1. From previous calculations we 
find h g = M54 x (3 g); but 3 h = ^ h g. Therefore 
(3 k) = 0-577 X (3 ^) = 0-577 v/. 

The stresses upon the flanges may now be summarised ; 
those upon the upper flange will all be in compression. 

The stress upon bar . 7, 5« + 2'SS5w' + 0-577m?'= + 3 -46214^. 

„ „ . 6, 3=+3-462m;'+1-731w' + 0.677m;'-=+6-77. 

„ „ . 3, l=+6-774a;' + 0-677«'' + 0o77«;'=+6-924. 

Upon the bottom flange the stresses are. 

The stress upon bar . 8, 6= +i x 3-75l«;'« -l-876a/. 

,, „ . 6, 4--1-876m;'-2-886u;'=-4-76m;'. 

„ „ . 4, 2=-4'76u;'-»-l-73Itr'=-6-49Iu;'. 

„ ,, . 2, 2«-6-49W-0 577a^'--7-068w'. 

To compare this flange-stress with that found by the ex- 
pression for the plate-girder, it will be convenient to ignore 
the action of the upright 9, 8, and consider w'^ of the 
same value as v/. 

For the central stress upon the flange of a plate-girder we 
have 

^ ■" 8 . (/ "^ 8 X 8-66 

But W ^ 7 ,ti/, therefore 

^ 7 X w' X 70 nf\n ^ 

^= 8x8-66 =-7'Q7t(/ 
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The slight excess is accounted for by taking ti/' as equal 
to w\ 

Such counter-checks as this are of great value in prac- 
tice, as, although the two results do not exactly agree, any 
wide variation will indicate some clerical error; and if a 
man has to check his own work, he can only do it with 
confidence by using two methods to reach one result. 

I will now take the case of a " trellis " girder, Fig. 21, 
which is assumed to carry a floor with a varying load. 
This will involve two sets of calculations ; one for the dead 
weight of the floor, and the other to find the maximum 
stresses brought upon the web-bars by the varying load. 

A B shows a " trellis " girder of seven bays — or panels 
as they are sometimes called. The ties and struts are all 
placed at an angle of 45 degrees to the horizon, and at 
every point of junction there is a vertical bar to distribute 
the load equally between the two series of triangles which 
form the web. These vertical bars are not necessary to the 
construction, and are commonly omitted in small girders ; 
but in moderate-sized girders they are so formed as to act 
as vertical stiffeners. When the stiffened are not used the 
summit loads vf come alternately upon each series of 
triangles. From the angles of the bars to the horizon 
being 45 degrees, it follows that each panel is a square, of 
which the ratio of the diagonal line to one side is as 

V2 : 1. That is, as 1*414 is to 1. This, therefore, is the 
ratio of the stress upon any bar to the load it carries. 

I will take an actual example in this and work it out 
fully. Let the girder shown be one of a pair carrying a 
gallery or bridge from one side of a railway-station to the 
other across the railway lines and platforms ; let the span 
be 40 feet, and the width in the clear between the girders 
12 feet; then each main girder will have to carry half 
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the floor area, which will be 40 x 6 = 240 square feet. 
For the weight of passengers 1 20 lbs. per square foot must 
be allowed. We shall never get a load equal to this, but 
an allowance is made for the jar and vibration due to 
hurrying crowds of people ; the probable load will not 
exceed 70 lbs. per square foot. If the floor is made of 
iron plates covered by concrete and aspbalte four inches 
thick, its weight may be taken at 35 lbs. per square foot ; 
then the total distributed load will be, for each main 
girder, 240 x {120 + 35} = 37,200 lbs. = 16*6 tons, which 
is equal to 0*415 tons per lineal foot of span. The 
weight of the girder itself will be about 0*035 tons per 
foot run for this load and ratio of depth to span. This 
brings the total load per lineal foot to 0*415 + 0*035 
= 0*45 tons, of which 0*321 ton is live or moving load, 
and 0*129 is permanent or dead load. The maximum 
stresses upon the flanges occur under a full load, and with 
that I shall first deal. 

The distance from apex to apex is evidently 40 -f- 7 = 
5*714 feet, which is also the depth of the girder. The 
load «?' = 5*714 x 0*45 = 2*571 tons. This is divided by 
the uprights between the two series of triangles, giving the 
increment of weight at. every apex as 2*571 -r 2 = 1*285 
tons. The increment of stress upon the web-bar will there- 
fore be =; 1*285 x 1*414 = 1*817 tons. 

In the previous case there was an apex at the centre (c) 
of the span, so a half load went each way ; but in the pre- 
sent example this does not, and each load goes in its entirety 
to the nearest point of support. Under a uniform or any 
symmetrical load there will be no stress at all upon the 
bars 3, 11, and 4, 12 ; but on the others, under a full load 
the stresses will be, in tous^ 
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The stress upon bar . 3, 13= + 1'817. 

. 13, l = -{l-8l7 + l-817} = -3-634. 

. 1, 15= + {3-634 + l-8l7}=+6-451. 

. 12, 2= + 1-817. 

. 2, 14= -r{l-8l7+ 1-817}= +3-634. 

. 14, 0=-{3 + 3-634+l-8173} = -5-451. 

These stresses, it will be noticed, increase as the numbers 
1, 2, 3, &c. 

The relation of the flange-stress to that on the web-bar is 
shown by the parallelogram c, 13,/, e; in which e 13 is 
made equal to the stress upon the bar 3, 13; when 13 / 
will represent the flange-stress to which it gives rise. The 
triangle 13, e, / is similar to the triangle 13, 3, 11 ; and is 
half a square in which the diagonal represents the flange- 
stress when one side is equal to the web-bar stress, there- 
fore, from the ratio of the diagonal to the side of a square, 
the flange-stress will be equal to the stress on the web-bar 
multiplied by 1*414. The last strut and tie, however, will 
only bring half this stress upon the flange, as shown by the 
parallelogram h, i, g, 15 ; in which the diagonal represents 
the web-stress, and one side of the square that on the 
flange, which involves dividing by 1*414 instead of multi- 
plying by it. At every apex there is also another stress 
put upon the flange, as shown by the parallelogram 

3, n, iw, k. If 3 wi represents the load --, then 3 k will be 

the stress put by it immediately on the bar 3, 4. As 3 m 
and 3 k are sides of the same square, they are equal, and 
this increment of stress is equal to the load. The same 
will occur at the other apices. The stresses will be of the 
same intensities on both flanges, but those on the top are 
compressive, and those on the bottom flange are tensile* 
The following are the stresses, in tons, on the flanges : — 
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The stress upon bars 0, 1 ; and 15, 14 s 5*451 + 1*414 ==3*855. 

„ „ 1,12; and 14, 13 » 3*855 + {3*634 x 1*414} + 

1-285 = 10*278. 

„ 2, 3 ; and 13, 12 = 10*278 + { 1*817 x 1*414} + 

1*285=14*132. 
„ „ 3,4; and 12, 11 = 14*132 + 1*185=15*417. 

We can check • this result also by the principle of 
moments. The load at is carried directly on to the 
pier A by the upright 0, 15, and does not affect the 
stresses upon the structure between the supports. 

The reaction of the pier A that does affect the struc- 
ture is equal to 3 «/ = 3 x 2*571 = 7*713 tons for a 
point at the centre ; this acts at the distance of half the 
span, or 20 feet, so the upward moment will be 7*713 x 
20 =: 154*26 foot-tons. The three loads between the pier 
and the centre will exert downward moments equal in 
aU to 2-571 + 14*285 + 2*571 + 8*571 + 2*571 + 2*857 
= 66*108 foot-tons. The difference between these moments 
is 154*26 — 66*108 = 88*152 foot-tons. This divided by 
the depth, 5*714 feet, gives the direct stress at the centre of 

either flange : 

88152 _... 
g >-, . = 15-42 tons, 
5*714 * 

which corroborates the previous calculation. The stresses 
upon the other half of the girder will be symmetrical with 
those just determined. 

I will now take the stresses upon the web-bars, due to 
the dead load. The dead load per lineal foot of span is 
0-129 tons, and the load per apex = 0*129 X 5*714 = 0737 
ton. The increment of load on each web-bar is half this, or 
0*368 ton, and the increment of stress = 0*368 x 1'414 = 
0*52 ton. As other stresses will subsequently be added to 
those now about to be tabulated, the signs + and — must 
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be used to signify compression and extension respectively ; 
the intensities of the stresses upon each side of the centre 
of the span are symmetrical, therefore : 

The streflfl upon bars . 3, 11 ; and 4, 12»0. 

. 3, 13; and 4, 10^+0*62. 

.12, 2; and 11, 5=«^0'd2. 

. 2,14; and 5, 9« +0-52x 2= +104. 

.18, 1; and 10, 6=-104. 

. 1,16; and 6, 8» +0'52x 3= + 1*56. 

.14, 0; and 9, 7«-l-66. 



it j> 






The live load is 0*321 ton per lineal foot, and the corres- 
ponding load per apex = 0-321 X 5-7U = 1-834 tons. The 

I.QQJ 

increment of stress will be = — - — x 1*414 =: 1*597 tons. 

I shall consider the load as first covering the whole length 
of th€( girder and then gradually receding, and calculate 
the stresses upon the web-bars, commencing from the end A 
from which the load is supposed to move towards B, With 
the full load, there w^ill be three apex loads to be carried by 
the bars 1, 15, and 14, ; that is, 3 x 1*597 = 4791, this 
being tension upon 14, ; and compression on 1, 15. Now 
let the load move back from apex 1 ; then the centre of 
gravity of the four remaining apex loads will be at apex 4, 
as one is over it and two on each side ; the proportion . of 
load, therefore, passing to the pier A will be, by the principle 
of moments : 

= 5 X 1-834 X |-^ = 4*073 tons, 

from which the stress upon bars 2, 14 j and 1, 15 = 

+ "^^ X 1-414 = + 2*879, 

and the stress upon bars 13, 1 ; and 14, = — 2*879. 
Taking the load back another bay and measuring by bays 
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as before, we find the centre of gravity of the remaining 
loads midway between the apices 4 and 5 ; therefore, the 

load upon A will be 

2*5 
= 4 X 1-834 X -«r = 2-62 tons; 

the increments of stress will be : 

2*62 
on bars 3, 13 ; 2, 14 ; and 1, 15 = + ^ x 1-414 

= -h 1*852 
12, 2 ; 13, 1 ; and 14, = - 1-852 

Going back another bay, the centre of gravity of the 
remaining loads is at apex 5, and the load passing to 

-^is: 

2 
= 3 X 1-834 X ^ = 1-572 tons; 

the increments of stress will be : 

on bars 4, 12; 3, 13; 2, 14; and 1, 15 = + ^^ x 1*414 

= + Mil 
„ 11, 3; 12, 2; 13, 1 ; and 14, = - 1111. 

Here we at once observe that there are stresses upon the 
bars 4, 12, and 11, 3, which under a uniformly distributed 
load suffer no stress at all. 

At the next step the centre of gravity of load recedes 
to midway between apices 5 and 6, and the load on 
A is : — 

= 2 X 1-834 X ^ = 0-786 ton ; 

the increments of stress will be : 

on bars 5, 11 ; 4, 12 ; 3 13; 2, 14 ; and 1, 15 = + ^^ 

X 1-414 = + 0-556 
10, 4 ; 11, 3 ; 12, 2 ; 13, 1 ; and 14, = - 0-556 
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The last movement before the disappearance of the live 
load leaves one apex load at 6, and of this there passes 
to^ 

1*834 X y = 0-262 ton, 

from which the stresses are, 

on bars 6, 10 ; 5, 11 ; 4, 12 ; 3, 13 ; 2, 14 ; and 1, 15 
= + ^^ X 1-414 = + 0185 

„ 9, 5 ; 10, 4 ; 11, 3 ; 12, 2 ; 13, 1 ; and 14, 

= - 0-185 

It seems advisable here to point out how it is that a 
maximum load gives maximum stresses upon the flanges 
but not upon all the bars of the web — it is this, that the 
character^ of the stresses upon the flanges do not change, the 
top flange is always in compression and the bottom flange 
always in tension ; but it is found that in the web-bars the 
stress produced by a partial load on any particular bar is 
not always of the same sign as that accruing under a maxi- 
mum load. As both series of triangles are under equal 
stresses, through the equalising uprights distributing the 
loads between them, only one series need be considered. I 
will take that one which runs from to 8. The bar 14, ; 
must always be in tension, because no stress can be brought 
upon it except at the lower end, and its maximum stress is 
under a full load. 

Bar 14, 2, with the first set back of live load, has a 
stress from live load = + 2*879, and from dead load 
+ 104, total 2*879 + 104 = + 3*919 tons. Under the 
full load the stress was + 3*634 tons, so the varying load 
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stress must be taken in determining the strength of this bar 
although it remains in compression. 

Proceeding in the same way, bar 2, 12, has a stress from 
the live load = ^ 1*852 tons, and from the dead load 
- 0-52; total - 1-852 — 0*62 = — 2-372 tons. Under 
the full load the stress was — 1*817 tons, so here again the 
varying load stress must be used. 

Bar 12, 4, has a stress from the live load = + 0*556 
ton ; from the dead load there is no stress, nor was there 
any from the full load. 

Bar 4, 10, has a stress from the live load = — 0*556 
ton, and from the dead load + 0*52 (this being the same as 
that upon bar 3, 13) ; total = - 0-556 + 0*52 = — 036 
ton, so that one stress nearly counterbalances the other. 

Bar 10, 6,has a stress from the live load = 01 85 ton, 
and from the dead load - 104 ; total + 0185 — 104 =5: 
->- 0*855 ; so these bars behind apex 4 are to be calculated 
from the stresses accruing from a full load. 

In the example under consideration the stresses are alto- 
gether so slight that their variations are not of importance 
in view of the sections which must in practice be used, but 
even in this case the investigation shows that the bars 3, 1 1 ; 
and 4, 12, must not be omitted. In heavily loaded girders 
of greater span, every difference will have to be considered 
in determining the sections. 

It may fairly be said that there is always more satisfac- 
tion in designing a large and heavily loaded girder tlian a 
small one, because in the former there is a chance of 
approximating very closely to the calculated sectional 
areas, which does not offer in the latter case, but it 
happens that in railway station work a great number of 
these lightly loaded structures are required, and therefore 
it, is necessary to deal with them. 

I 
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Now, coming to the practical paii of the question, the 
sections absolutely requisite are very small, especially in 
the flanges, as might be expected from the great depth 
of girder compared with the span; 

This depth, however, is necessary to afford protective 
fencings on each side of the bridge, for it would be 
wasteful to put in shallow girders where it would be 
necessary to mount parapets upon their tops. 

The maximum stress upon the flanges — that at the 
centre — is only 15*417 tons; and this would require in 
the top flange a sectional area 

15-417 ^_^, . , 

= — 7 — = 3*854 square mches. 

This flange could be easily made of one tee-iron, but 
before deciding this matter the end struts and ties must 
be dealt with, in order to ascertain what rivets will be 
required to connect them with the flanges ; for if tee-iron 
is used each rivet connecting a trellis-bar with it will be 
in single shear, whereas by using two angle-irons the 
rivets may each be brought into double shear. 

The stresses upon the end trellis-bars are, at the maxi- 
mum, 5*451 tons. This in tension would only require a 
nett sectional area 

= — = — zn 1*09 square inches. 

But in compression, where the bending element occurs, 
a larger sectional area is needed. 

For the present purpose it is sufficient to determine the 
rivet area required in the connections of the end struts 
and ties with the flanges. This will be 5*451 -J- 4 = 
1*383 square inches. A rivet i inch in dkmeter is quite 
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small enough to use in work of this class ; the number 
of rivet areas required will be 1*383 -f- 0*44 = 3*14; that 
is^ four rivet sections are required. 

Considering the length of the strut, about two tons 
per sectional square inch is all that may probably be 
allowed, so this may be taken in the first instance to de- 
termine its sectional area, which will be 5*451 -f- 2 = 
2*725 square inches. An angle-iron 3 in. x 3 in. x i in. 
will give the required sectional area, and one limb may 
be cut away where it joins the flange, as there will be no 
bending stress. The tie bar will require a sectional area 
= 5*451 -f- 5 = 109.sq. inches nett. A 3 in. x i in. bar 
will give, with loss by one f in. rivet, 2*25 X J = 1*125 
sq. inches nett ; and these sections being adopted the strut 
and tie will each be three inches wide, and their ends half 
an inch thick. This thickness will be used throughout the 
girder ; then where the ends of ties and struts meet at the 
flanges, they will cross and pass between two angle-irons ; 
the uprights, which also act as stifleners, being riveted out- 
side the angle-irons. 

In Fig. 22, details of the top and bottom end joints are 
shown at A and J5. The flanges of the girder are each 
formed of two angle-irons 2 in. x 3J in. x i in. thick 
placed back to back, with the web-bars between them ; C 
and D show vertical sections on the lines c c and d d; tis 
the end bars are not crossed by others, the space between 
the angle- irons is made up by packing e e. 

The ends of the flanges are connected together by a web 
plate//, one inch thick, or of two half-inch plates, and the 
end of the girder is finished ofl" by a plate g g, 6 inches 
wide, connected with the web plate by angle^irons 3 in. X 
3 in. X i^ in., riveted to both as shown. In order to 
stiffen the girder vertically, the upright bars at the junc- 
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tiona of the web bars with the flanges may consist each of 
two toe-irons 6 in. x 3 in. X i in. riveted, one on each 
side, and back to back, outside the main angle-irons, as 
shown in the flange section E, 

The bars in the centre panel may be in tension under 
one variation of load, and in compression under another, 
and they should therefore both be made of angle-irons to 
secure rigidity; the other bars inclining downwards to- 
wards the centre of the span may be flat. The struts which 
incline upwards from the centre will of course be angle»irons. 
Where the ties and struts cross they should be riveted 
together to resist lateral vibration. 

If the load is distributed equally along the top flange of 
the girder then that flange will act not only to resist the 
direct stress of compression, but also the compressive and 
tensile stresses due to the load between any two successive 
apices, and the whole flange fully loaded will form a con- 
tinuous girder^ sq that each separate ispan may be regarded 
as having its ends fixed ; under which circumstances the 

maximum bending moment will be = -j^- = -jo" ^^^^ 

any apex. I in this expression is the distance between any 
two successive apices. 

If the element is already under transverse stress and re- 
ceives a direct compressive force, this will increase the com- 
pressive stress on the part of the section above the neutral 
axis and reduce that on the part below, and it will there 
partly counterbalance the tensile element of the transverse 
stress. 

The neutral axis of any section is found, so long as the 
limit of elasticity is not closely approached, to practically 
coincide with the centre of gravity, and we shall see that, 
on account of the form of flange used, thd compressive 
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stress does not reach its working maximum when the ten- 
sile stress does. A simple tee-section, such as that shown 
in Fig. 23, will illustrate my meaning. This section is 
assumed to be 6 in. x 6 in. x i in. thick. This section 
may be regarded as comprising the three rectangles acfk, 
khi My and m g eh. If we calculate the moments of area 
of these rectangles about the line a 6 as an axis and then 
divide their sum by the total area, the quotient mil be the 
distance from the axis a & to a line o o, passing through the 
centre of gravity of the whole section. The rectangles 
being symmetrical figures, the centre of gravity of each 
one will coincide with its centre of figure ; thus for the 
rectangle khim the centre of gravity will be 3 inches 
from the line a &, and for each of the other rectangles the 
distance will be f in. = 0*376 in. The sum then of the 
moments of area will be Uius made up : 

For rectangle ^ Aim ..... 6 x 0*76 x 3a 13*500 
„ reotangleB a ef k wd m g e b . 2 x 2-626 x 0*75 x 0-375 =» 1-476 

H-976 



The total area of the section is 6 x 0-75 + 2 x 2-625 x 0*75 
== 8437. The distance of the centre Of gravity (and 
neutral axis) from the line a b will be, 

U-976 



8-437 



= 1'775 inches. 



This will therefore be the maximum distance of metal 
under compressive stress from the neutral axis ; and the 
maximum distance of metal on the tension side from the 
neutral axis will be 

= 6 - 1*776 = 4-226 inches. 
If, then, the maximum working tensile stress isu tonsj^er 
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sectional square inch, the maximum compressive stress 
will be 

= 5 X HooK = 2'1 tons per square inch. 

So the metal above the neutral axis can still take 2 tons 
per sectional square inch of direct stress. Below the neutral 
Qxis there will be the tensile stress to deduct from the 
direct compression before any compression comes upon the 
material. It is most convenient to calculate the stresses 
from transverse load first, and then adjust the section 
to meet the direct stresses as well. These calculations 
must be separately made for each particular case. 

If the load were upon the bottom flange, similar results 
ensue, but the characters of the stresses are reversed 
throughout; the tensile stress is less than the compres- 
sive under the tans verse load, and the direct stress is 
tensile. 

AVhen the apices are close together — two or three feet 
apart — this transverse stress may be neglected as the margin 
of strength allowed for direct stress will cover it, but it is 
always best to bring the load on to the girder at the junc- 
tion of the web-bars with the flanges if practicable ; this 
can readily be done in the case of a girder carrying a 
bridge floor, but not with one under a wall, and for this 
reason a plate girder is preferable to carry a wall. 

It frequently happens that galleries are required running 
along the walls of buildings, and where there is sufficient 
headway, a triangular bracket of the form shown at Fig. 
24 is as convenient as any form of cantilever that can be 
adopted; it is very rigid, and does not allow any perceptible 
drop at the outer end. It consists of a horizontal member, 
J B, which must be tied into the supporting wall E E hy 
extending it backwards into the wall and building in, or, 
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better, taking it right through the wall and cleating it to a 
flat plate e^ with angle-iron cleats ; the plate e then beai s 
against the wall and cannot be drawn through it. The 
outer end of the horizontal member is supported by a strut, 
B C, of which the foot, (7, rests upon a corbel, /), built into 
the wall. This foot is connected to the top member by an 
upright A C, and so a complete triangular frame is formed. 
As shown the three principal members consist each of two 
angle-irons placed back to back and connected together by 
joint-plates g, riveted between them. The ends of the 
brackets should be cleated by angle-irons to a facia girder 
/, running the length of the gallery. 

Let/ = the distance from the wall to the facia girder/; 
and w = the load per lineal foot, then the total load will be 
w /, and of this^half will be taken at A and half at B ; the 
former may be bonie wholly by the wall at A^ or it may 
pass partly or entirely through the upright ^ C to the 
corbel D. To find the direct stresses let fall from the inter- 
section of the centre lines of the members A B and B C 

a vertical line and on it mark off mh z=:—^' This load 

produces two stresses, one in tension upon A B and the 
other compression upon the strut B C, Complete the 
parallelogram mhik; then m k will represent the tension 
upon A B, and m i will represent the thrust upon the strut 

B C, ki =z mh =^ -^* The triangle CABis similar to 

the triangle i km, therefore the distribution of stresses may 

be found from a diagram formed by the centre lines of the 

bracket itself. Taking the letters A, B, and C to apply to 

the intersections of these centre lines, the tension upon A B 

will be 

_ w^ AJB 

— ~2" ^ AC 
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tba oompressive stress upon BC 

w,l BC^ 
- 2 ^ AC 

Let A B =■ S feet, which is also the clear width of the 
gallery, and A C == 3 feet; and let the brackets occur 
at distances apart of ten feet throughout the length o£ the 
gallery. From the principles of right-angled triangles, the 
length of the strut will be : 



BC= V(A Bf + {A Cy = ^S^ + 3^ = 8-544 feet. 

If this gallery is provided as a means for operatives to 
leave a factory after Vrork, or as an escape in case of fire, 
it will be liable to the heaviest load which a crowd of 
human beings can bring upon it; this is about 1 cwt. 
per superficial foot, but in order to allow a margin for the 
vibration caused by a moving load it may be taken as 
IJ cwt. per superficial foot; then the load upoti each bracket 
will be : 

= 8 X 10 X li cwt. = 120 cwt. = 6 tons, 

and therefore, 

wl 6 ^ ^ 
-^ =: ^ == 3 tons. 

The stress upon A B 

= 3x^ = 8 tons. 

and that upon B C 

=r 3 X ~i = 8 '544 tons. 

It will be convenient, for practical reasons, to keep all 
the angle^irons in the frame of the same size, and therefore 
the size of the largest, will be calculated. This will obvi- 
ously be the strut B C, which besides having the greatest 
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stress has also to be calculated as a stanchion in reference 
to its ratio of width to length. 

If r = the ratio of length to width of an angle channel 
or tee-iron, the breaking stress per sectional square inch, 
acting in compression, is : 



= 19+ j 



1 + ^1 
^900) 



Letthe angle-irons in the brackets bo din.; then 3 in. x 3 in. 
= 0*25 ft. = the width, and 

r = ^^ = 84a76 ; i^ =z 1168,' 

then the bi*eaking or crippling stress per sectional square 
inch will be 

1168) 



:= 19 + ji + y?? 

^ 1 ^ 900 



8'268 tons. 



Taking 4 as a fiictor of safety, the working stress per 
square inch is 8*268 -r 4 = 2067 tons per square inch ; 
the thrust upon the strut is 8*544 tons, and therefore its 
gross area must be 8*544 -f- 2067 = 4*13 square inches. If 
the two angle-irons are each f in* thick, the sum of their 
gross areas will be : 

2 X {3 + (3 — I)} X f = 4*218 square inches, 

which covers the required sectional area. 

The tensile stress upon A B is 8 tons ; therefore, taking 
5 tons per sectional square inch as the working stress, the 
nett sectional area required will be 8 -f- 5 = 1*6 square 
inches. There will be a rivet hole } inch diameter in one 
limb of each angle-iron — ^if there are holes in the horizontal 
limb to be attached to the floor by bolts to the brackets 
these may be arranged to alternate with those in the 
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vertical limbs, so that there will be only one hole in any 
vertical section of one angle-iron, then the nett sectional 
area of the two angle-irons will be : 

2 X {3 + (3 - f — f)} X I = 3-663 square inches. 

So there is plenty of sectional area to spare, and holes 
may be put wherever desired in the horizontal limbs. 
The upright A C is shorter than the strut J5 C and there- 
fore will be stronger, and it cannot in any case have a 

w I 
greater load than —^ » and that will only accrue when the 

tail end of the member A B does not rest upon the wall 
at all. 

It is observed that there is tension amounting to 8 tons 
upon the member A B ; this will also be the pull upon the 
wall E E ; there will be an equal thrust against the wall at 
C, so there will be an effort to break the wall off at C, or, 
if it is strong enough to resist this, a further effort to 
pull the wall over, by reason of the overhanging weight. 

It is to be assumed that there will be a floor within 
the building at the same level as the gallery, and in this 
case a tie rod can be taken through such floor, and the 
plate e made to bear against an internal, or perhaps a back 
wall, and so secure the front wall from the danger of being 
pulled out. 

In some cases where the stress upon the ties has been 
very considerable, they have been carried back to a girder 
fixed across the building, so as to bear its ends against the 
side walls which run parallel to the ties, and this adds 
very much to the expense. 

There yet remains the thrust at (7 to be met, of which 
the tendency will be to push the wall in and so cause a 
general collapse. If the internal walls running at right 



ttttANGt'LAR AND LATTICE MTEBBED GlKDERS. 125 

ttngles to the Wall E ^ are not too far apart, a rolled girder 
N may be built into the wall ^ ^ in the position shown, 
so that its back dange will bear agaitist the edges of the 
internal walls, which will then act as buttresses to resist 
the thrusts from the struts of the external brackets. 

If these means of stiffening or relieving the front wall 
are not available, the gallery must be carried upon canti- 
levers, B C, Fig. 25, which are formed by the ends of 
girders, A B C, oi which the back ends are built into walls 
sufficiently far back to give the requisite hold. If there is 
a floor carried upon the part A B, this will also help to 
balance the load on B C, and vertical stress only will come 
upon the wall. Under a uniform load upon the canti- 

I 
lever B C, =i /F, the centre of gravity will be distant ^ 

from B, and therefore the moment of stress at that point 
will be 



With a load ff^ at the free end C, the moment of stress 
would be iff = fFl. 



•"^ 



CHAPTER V, 

MANUFACTURE— CONNECTIONS.! 

It would be quite out of question for an architectural pupil 
or student to go through a practical course of construction 
in the foundry and girder yard — the only way to obtain a 
thorough knowledge of constructional ironwork — but it is 
highly necessary that he should have a general idea of the 
processes carried on there, and this I will now endeavour to 
impart to my readers. Beginning with the foundry we find 
that the castings with which we shall have to deal are made 
to certain models or " patterns " made of wood of a slightly 
larger size than the required work; this is to allow for 
shrinkage in cooling, which, in cast iron, amounts to one- 
tenth of an inch per foot (a column 10 feet high would 
require a pattern 10 feet 1 inch long). The pattern-maker 
is not called upon to calculate this difference, as pattern- 
makers' special rules are made which give the excess of 
length in the reading; thus, if a length of one foot and one- 
tenth of an inch is divided into twelve parts and each part 
again divided into eighths and sixteenths, we shall get a 
rule with all pattern-makers' measurements on it. Of course 
the drawing supplied to the shop should have every dimen- 
sion figured clearly upon it, otherwise the workman will 
have to measure off it with a standard rule or scale, and 
between that and his contraction rule he may make a mis- 
take. 
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The general process of casting is as follows : — Two boxdd 
without either top or bottom, called " flasks/' are so made 
that one will fit to the top of the other, being kept in exact 
juxtaposition by pins in the sides of one flask which enter 
holes in lugs on the sides of the other. 

Fig. 26 shows a pattern of a column, A B ; this is carefully 
turned in a lathe and the surface smoothed off so that the 
moulder's sand shall not adhere to it. At each end is a round 
projection called a core print, which makes a recess in the 
sand to receive the end of the core which is inserted to form 
the hollow in the column. 

A plan of a flask is shown at Fig. 27. It consists of a rec- 
tangular frame D E, with journals or trunnions FF at its 
ends, to allow of its being easily turned over on end supports 
without jarring or shaking about. It may have ribs inside 
to give a hold for the sand when the casting is a large one. 
Along the sides of the flask are cast lugs (r, which are fitted 
with pins in one box and corresponding holes in that which 
pairs with it. This box is set on the foundry floor and 
filled with green sand, smoothed off at the top surface. A 
cavity is scooped in it and the pattern A B, Fig. 26, im- 
bedded to one half its depth. Another flask is fitted to 
this, and filled in with sand which is carefully pressed down 
around the upper half of the pattern so as to receive an 
exact impression of its form ; the impression in the lower 
box will necessarily be defective as the pattern was merely 
pressed down in a roughly scooped cavity. The flasks are 
now turned over so that the under one comes on the top ; 
this is taken off and the sand knocked out, when it is 
replaced and carefully filled, so that in it also is an exact 
impression of half the pattern. This time, however, certain 
pegs K^ K', Fig. 28, are placed in the sand to form channels 
for influx of the molten metdl, and others for the escape of 
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the air from the mould and also of the gases driven out of 
the sand by the heat. Great care should be exercised to 
drive out all bubbles, which if left in form honeycomb 
castings and render the work useless. Fig. 28 shows a 
transverse section of the flasks when ready to receive the 
metal in the annular space N, between the sand in the boxes 
and the solid core M, which is supported in the core prints 
at each end of the mould; the whole rests upon the floor //. 
The "git " K should extend to the bottom of the mould for 
the inflow, and gits K^ be placed at the top for the outlets. 
Further facilities for the escape of gases from the sand 
heated by the casting may be afforded by piercing it with 
stiff wires to within a short distance of the cavity. The 
cores are made of tough loam mixed with straw wound upon 
a bar and turned true by causing the bar to revolve while a 
scraper is applied to its surface ; they are dried in ovens 
before being placed in the moulds. If the cores are very 
long they may be supported in the mould by broad-headed 
nails which rest upon the bottom of the mould, and then 
they will also require other nails on the top to prevent the 
cores from being floated up by the superior gravity of the 
metal. When the moulding work has been finished over 
the pattern the top flask is lifted, and the pattern tapped to 
loosen it from the sand below, it is then lifted out, and the 
surfaces of the mould repaired with trowels if anywhere 
scarred or broken. The adhesion of the sand between the 
two boxes on the line HHis prevented by sprinkling the 
lower part of the mould with coal dust or parting-sand, 
before putting in the green sand in the upper flask. The 
pattern having been removed, the core is put in place and 
the upper flask replaced and secured by cotters passing 
through slots in the pins carried by the lugs Q, and the 
mould is then ready as shown in Fig. 28* 

K 
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A column with a plain cap is a very simple matter to 
mould, but when the cap carries a complicated stilting the 
matter is not so easy, and special cores may be requisite in 
some cases. These will not be cores necessarily passing right 
through the casting, but may be small pieces to form under- 
cuts or cavities, the part of the mould corresponding to 
which would come away with the pattern when it is drawn 
out of the sand. The designer should use all diligence to 
avoid where possible the occurrence of these undercuts and 
try to so shape his work that the pattern may draw clear 
out of the sand. In some intricate cases the patterns are 
made in separate pieces and held together by pins, so that 
they may be drawn out of the mould piecemeal. When 
special cores are used the pattern-maker prepares wooden 
core-boxes, in which they receive their required forms 
respectively. 

All the re-entering angles must be rounded off, for any 
internal corners will be very likely to cause cracks in the 
casting. The reason of this is shown at and P, Fig. 28. 
At the metal is supposed to have just set ; then as It cools 
and therefore contracts the thicknesses, q^ and qr will 
decrease and tend to draw open the inner angle as shown 
at P, thus starting a crack in the direction of q 8. If, how- 
ever, the comer is filled in as shown by the dotted lines, the 
contraction will only cause a sharpening of the curvature. 
In small castings these inside angles may be filled up with 
a composition made of yellow wax and Burgundy pitch, 
but for patterns of any size, fillets of wood properly 
hollowed out to form round comers are used. 

In any casting where there is no obstruction, the air and 
gas bubbles will rise freely to the top, and therefore it is 
desirable to cast columns in an upright position ; as when 
lying horizontally or at an inclination to the horizon, the 
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core prevents the bubbles from rising vertically, and in the 
horizontal position those that form after the mould is full 
are very apt to collect in the top part of the mould and 
there remain, thereby causing one side of the column to be 
honeycombed, and therefore much weaker than the other 
side. This is a very serious defect, because not only is there 
a loss of direct strength but also an increased tendency to 
curvature from one side compressing more than the other, 
and thus augmenting the transverse stress. It should 
therefore be insisted that some inclination shall be given to 
the flasks, and as much as possible should be stipulated for ; 
in point of fact, it will often be the best policy to pay a 
better price and get the columns made at some foundry 
where there are facilities for casting columns vertically. 

Another point of practical importance is the variation in 
thickness in castings. If there is a wide difference in the 
thickness of the different parts of a casting, it must be 
allowed plenty of time to cool gradually ; this, however, may 
or may not be given to it ; it is best to avoid great and 
especially sudden changes of thickness, even if a larger 
quantity of material is used than is absolutely required by 
the exigencies of the case. 

Where appearance need not be studied, as in warehouses 
and depdts, a decided preference is given to stanchions over 
columns, as defects are easily detected in the former, but 
difficult of location in the latter. 

The defect that may be regarded as peculiar to hollow 
columns is inequality of thickness, and it will be a first-class 
foundry in which this does not occur to some extent, if the 
columns are not cast vertically. The simplest way of finding 
but whether the thickness is uniform is by drilling small 
holes in the column and measuring the thickness at each 
hole ; but this is objectionable, it most weaken the column, 
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though of course the holes are plugged up again. The 
difference of strength can be tested by putting the column 
under transverse stress and noting its deflection; then 
tuiiiing it a quarter round and again noting the deflection 
under an equal load, and so through the two remaining 
quadrants of the circle. If the column is of equal thickness 
all round and the metal homogeneous and free from blow 
holes, the four deflections should be equal ; if they are not 
equal an observation of their differences will indicate the weak 
side. The objection to this system of testing is its expense. 

Eectangular stanchions are open to the objection that 
they present sharp corners, and therefore are inconvenient 
in railway dep6ts and other buildings where carts and vans 
have to be moved about, and equally so in the show-rooms 
of large warehouses. In the large dep6ts and other places 
where economy is not the first object columns would be 
used, and precautions taken to secure good materials and 
workmanship ; but in other circumstances stanchions are 
frequently used and encased in some material which gives 
them the outward appearance of columns. Unfortunately 
the only common section of stanchion which lends itself to 
this circular enclosure is the cross shaped, which I certainly 
consider the worst section to use. The section F, Fig. 1, is 
an improvement upon this, but as it cannot be got into the 
same space it has not been adopted. I have never seen or 
heard of its being actually used. 

I may mention here that wrought iron and steel cross* 
shaped stanchions have been used in this connection, but the 
adaptability of these cannot be considered while dealing with 
cast iron. 

This matter of encasing is not confined to stanchions, and 
in some very important buildings cast-iron columns have 
been encased in marble, the result being highly satisfactory. 
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Whore such an excellent finish cannot be afforded, stanchions 
filled in with fine concrete and surrounded with some 
artificial imitation of granite or marble may suffice. 

When cast-iron columns or stanchions are encased it of 
course adds to the diameter very materially — say, four 
inches — and therefore in such places as banks and show- 
rooms it is best to use solid cast*iron columns ; although 
being of less diameter than hollow ones, they will require 
greater sectional area, we may partly set this off by the 
reduced amount of encasing material required, and in a 
solid column no varying thickness of metal can occur to give 
rise to bending stresses. 

As a matter of fact cast-iron columns and stanchions are 
almost invariably made much stronger than is necessary ; 
they are calculated for loads that never come upon them, 
and often absurdly high factors of safety are taken. A 
factor of safety that makes the working stress one-fourth of 
the ultimate resistance of the material is sufficient for all 
kinds of builder's iron work. 

The production of a girder in cast iron is in all respects 
similar to the process used for a stanchion, and the same 
precautions as to inside corners and varying thicknesses 
must be observed. 

As soon as the casting has sufficiently cooled the fiask is 
opened and it is lifted out and the necks which were formed 
in the git passages knocked off, and the face of the casting 
where they were joined on trued up with a cold metal chisel 
and a file. The casting takes on a coating of partly vitrified 
sand, which is of a protective character and only requires to 
be smoothed in rough places by rubbing off with hard coke. 

It sometimes happens that a projecting lug is accidentally 
knocked off a casting, and in such cases a process called 
burning on has be^n frequently used for replacing it. This 
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consists in making a mould for the part to be renewed to 
fit the part of the casting treat-ed, which is then heated to a 
temperature approaching the melting point, and the lug or 
other part is then cast on to it, and the whole allowed to 
cool very gradually. This operation may be successful, but 
I should never like to trust it when the part so burnt on 
has to resist any stress, and moreover the partial heating of 
the main body of the casting must put some internal stress 
upon it, and under this it will sometimes crack. Probably 
the safest method of applying this principle would be to 
reunite the broken part by electricity used as in electric 
welding — so called — ^which is done by placing the surfaces 
to be joined in juxtaposition and passing a powerful current 
of electricity through them ; the break of continuity in the 
metal places so high a resistance in the course of the current 
that the temperature rapidly rises and the surfaces are fused 
together, as soon as this occurs the resistance ceases and the 
temperature therefore falls. I have not, however, heard of 
this process being applied to cast iron. 

In order that columns and stanchions may have true 
bearings, the ends, that is the cap and base, should be 
accurately faced up in a turning lathe, for their strength 
is very materially affected by the solidity or otherwise of 
their bearing upon their base stones and that of the load 
upon their caps, and if the. columns run in vertical tiers, one 
upon the top of another, it is indispensable that their ends 
shall be turned true and parallel to each other ; and in 
order to insure such parallelism the column or stanchion 
should be centred in a lathe, with two slide rests carrying 
tools by which both ends are faced simultaneously. 

The best form of joint between columns is shown in Fig. 
29, which is a vertical section taken through the centre line 
of the columns, B is the top of the lower, and A the bottom 
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of the upper column. The top part of column B Sit d is 
accurately bored out to receive a spigot end c c, on the 
upper column which is turned to fit it> the meeting faces 
gg are also accurately turned so that the two ends shall fit 
together without the slightest shake, and they are held 
together by bolts e e, which ought to be turned and fitted 
into drilled holes, the bolt and nut threads being cleanly cut, 
then a very solid and reliable joint is made. The cap and 
base may be stiffened by brackets //// between the bolt 
holes. The great demand for cheapness unfortunately pre- 
cludes, in most instances, the adoption of this true joint, and 
the ends are merely faced and held together by unturned 
bolts placed in holes made much larger than is necessary in 
order to insure the bolts going in with facility, and it is 
impossible that this can make a really steady joint, and one 
calculated to resist the effects of constant vibration. 

The surfaces of castings which are to be bored, turned, or 
otherwise machined, should be indicated by a light tint on 
the drawing running along those parts so that the pattern- 
maker may know where to increase the thickness to allow 
for the metal cut away in finishing the work. 

In no case must a casting have recesses or pockets in it 
in which water can accumulate, otherwise a frost may cause 
its destruction ; some years since a large iron viaduct was 
damaged to the extent of some thousands of pounds from 
this cause ; so if pockets are necessary, let holes or passages 
be made at their lower ends to allow water to drain out 
should any find its way into them. 

The faces of the iron should come hard together at the 
joints, there should be nothing put between them as is some- 
times done to save the expense of facing the metal, and 
especially is lead to be avoided, because in the presence of 
moisture the lei^d and iron f onp a galvanic couple, the action 
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of which results in the destruction of the latter. When the 
column bases are anchored to their bed stones by holding- 
down bolts, these should be run in with sulphur, which does 
not attack the iron. 

Iron is a highly oxidizable material, so much so that if it 
be prepared in a very finely comminuted state and scattered 
into the air, it immediately bursts into flame, and even 
ordinary iron filings thrown into a flame are consumed with 
bright scintillations. The sand skin on a casting is a great 
protection so long as it is continuous, but if there are ex- 
posed parts the metal will rust, the rust seeming to eat into 
it. The reason of this is easily explained by chemical 
aflinities, but as I have not space to discuss these here the 
statement of the fact must suffice. 

Having thus far dealt with foundry work the manipulation 
of the malleable metals now comes under review. Eolled 
iron and steel cannot in all qualities be twisted and bent and 
forged into varied shapes with equal facility. Hard cindery 
wrought iron will not bear working at all, and mild steel is 
best bent cold by degrees and annealed between the suc- 
cessive bendings. Steel will not bear working at high 
temperatures, and for that reason is very difficult to weld. 
Most of the operations of the forge in connection with 
constructional iron and steel work refer to cranking, bending, 
and joggling the ends of rolled bars of various sections, and 
of these processes I shall now give an outline, premising, 
however, that it is best to avoid all smith-work, if possible, 
especially upon rolled joists and girders ; the less done to 
this class of material after it leaves the rolls the better, and 
this being known and admitted, the designer may often by 
a little forethought dispense with a good deal of labour, 
which may vitiate the strength and durability of the work. 

in Fig, 30, 4 A represent the lower ends of ' wo tee-iron 
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stiffeners joggled at their ends over the bottom angle-irons 
of a built-up girder ; i^ is a side, and C a front elevation of 
the end removed from the girder. 

If a considerable number of bars are to be joggled in 
exactly the same way, castriron dies should be made and 
fitted to a hydraulic press, and between these the work of 
joggling is quickly and accurately done, and the bars being 
all worked in the same dies will necessarily be exactly 
alike. If, however, there are only a few to be made they 
are generally drawn over a block by a smith, but it is im- 
possible for him to make as perfect a job as the machine 
does. Channel and angle-iron and steel also require 
joggling in some positions, but these sections are both more 
troublesome to handle than tee-iron. It will be readily 
understood that the web part of the tee-iron is the only 
part in which difficulty will occur, but in this section it is 
reduced to a minimum as the web is supported equally on 
both sides by the table. The vertical limbs of the channel 
bar and that of an angle-iron being only stayed on one side 
will tend to yield laterally in one direction or the other 
when being bent by the hammer. When these sections are 
joggled in dies these prevent deviation of the vertical 
limbs. In point of economy there is a very great saving in 
power in using the press over the hammer, and it does not 
draw out the bars operated upon as does the hammer. 

The ends of the bars, to make neat work, should be cut 
off square, or splayed to meet the parts of the work upon 
which they abut. In small work this is commonly done 
with a chipping chisel and hand hammer, but more satis- 
factory work is made by cutting the end true with a 
circular saw. The back edge of the end of the bar at E is 
to be rounded off to fit into the root of the main angle-iron, 
and the curve at F formed in an easy sweep to pass round 
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the upper edge of the same, and lie snugly against the web 
G. As the duty of the tee-iron is to stiffen the web, it is 
obvious that their ends should be carefully fitted so as to 
rest steadily against the flanges. 

In Fig. 31 is shown a cross section of a plate girder with 
wide flanges, the edges of which are supported by the web 
stiffeners A A, which for this purpose are cranked at the 
points B j9, &c. The making of these cranks will require a 
vee-shaped piece, cut out of the web, and its parts, after 
bending, welded together, unless the surplus metal can be 
taken up in thickening the web, which will be much better 
than cutting the bar, and the greater thickness will stiffen 
the cranks, and if the bar were cut we could never be quite 
sure of having a sound weld when it is joined up again. Here, 
also, clean, sharp work may be effected under the press, 
which can never be got with the hammer, as the latter has 
to work in detail on the bend, while the former takes the 
whole at once. If it is necessary to crank a tee or angle- 
bar with the web outwards, as shown at (7, it will be un- 
avoidable to cut the web and then make it good by welding 
in a piece shown by the triangle f e g, otherwise the web 
would be drawn out to a thinness incompatible with the 
required strength. 

Bending to curves of large radius is done both hot and 
cold. If a number of angles or tees are to be curved to the 
same radius, one bar is first carefully curved by the hammer 
or press, to form a template for the rest, which are brought 
to a red heat, and bent round it successively. The template 
bar must be kept cool with water to prevent its softening 
and losing its accuracy of form. Cold bending is done in a 
different way altogether. If a plate is to be curved longi- 
tudinally, this is done by passing it through a set of three 
rollers, ABB, Fig. 32. These bending rolls, as they are 
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called, are so mounted in their frames that the level of the 
bearings of the upper roll A can be varied in relation to 
the bearings of the lower rolls B B. If the adjustment is 
such that the bottom of the roll A is just the thickness of 
the plate G above a straight line touching the tops of the 
rolls B B, a plate passed through will remain straight, or if 
it has any kinks in it they will be taken out, but if A is 
depressed below this line, it will impart a curvature to the 
plate depending upon the amount of the depression. The 
curvature, unless it is very slight, will require the passing 
of the plate several times through the rolls, and perhaps 
may need annealing during the process. If the plate is to be 
curved in the direction of its width it is best done in dies. 

For curving tee, channel, and other bars cold, a machine is 
used, the acting parts of which are shown in diagram at 
D J9, and E, D and D are adjustable stops, and which 
may be rigidly fixed in any required position, and midway 
between them is a block E^ which is moved backwards and 
forwards by an eccentric or crank on the driving shaft of 
the machine. The stops D D may be kept so far back that 
the block E will not in its travel touch a bar C resting 
against them, but if they are advanced this block will 
impinge upon the bar and bend it, and by moving the bar 
along between the strokes of the block E, it will be uniformly 
bent along its length, or any part of it that may be re- 
quired ; or by varying the adjustment the curvature of the 
bar may be varied, so that by means of this machine 
parabolic, elliptic, and other arcs can be obtained, as well 
as the circular ones. The accuracy of the bending is tested 
by applying a wooden template, made to the true curve, to 
the bar from time to time during the process of bending. 

In the above manipulations the work turned out is what 
it appears to bo — a joggled epd is au end with its full section 
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of metal preserved intact throughout the joggle ; but when 
we look at the practice which obtains in connection T^dth 
the labours on rolled girders for builder's work, we find 
some things that are not so, and conspicuous among them is 
the so-called " forged-joggled end." Now any work which 
is weaker than it appears to be is a source of danger, and 
I do not know of any other class of work in which the 
permanent severance of the lower flange from the web, just 
over the point of support, would be tolerated, if that flange 
is to be regarded as conveying the load to its bearing. 

In Fig. 33 is shown a side elevation of the detail alluded 
to. It is necessary to carry the end of a rolled girder A 
upon the bottom flange j& of a main girder in such a manner 
that the undersides of the two girders shall be flush — and 
this in buildings is a constant requirement. There is a 
difficulty in joggling up the flange of a rolled girder, because 
the web will be sure to buckle, therefore a piece must be 
cut out of the web. This piece is slotted out close to the 
bottom flange, and to the necessary height shown by the 
line (7, and the flange is then hammered up to it, as shown 
at J9, but no connection exists at this part between the web 
and the flange. 

The strength of this hammered-up flange cannot be 
regarded as of any value, it merely acts as a packing to 
prevent the web of girder A from cutting into the flange 
of B, If this flange were welded to the web it would make 
an excellent job ; but I doubt if this is ever done, nor is it 
likely to be while those in charge of the structures in which 
such connections occur are satisfied with the appearance of 
strength and solidity. The least objectionable method is 
to cut away the bottom flange of A altogether, and let its 
web rest directly upon the flange of B^ and if the load is 
such that the edge of the flange does not afford sufficient 
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bearing surface, rivet an angle bracket on each side of it, 
as shown in Fig. 34. Here the lower flange is cut away 
from the point E to the end of girder A^ and on each side 
of the web there are riveted angle-iron brackets C, as shown 
in the end elevation at J9, the horizontal limbs of these 
brackets take their bearings upon the bottom flange B of the 
main girder. 

The mere supporting of the end of one girder upon the 
top or bottom flange of another will only be sufficient when 
there is some lateral stay to prevent the end of the flrst 
girder from slipping sideways upon the other. Such a 
stay is provided by floor joists on each side, or by a filling 
in of solid concrete, or other form of fire-resisting floor, but 
if there is not such a stay, on both sides, the supported 
girder end must be kept from lateral movement by cleating 
its web to that of the main girder, as shown in Fig, 35. 
A is the supported girder shown in horizontal section, with 
its web secured to that of girder B by an angle-iron cleat G 
which is fastened to ^ by a rivet D, and to B by a bolt E^ 
the latter being necessary for connecting the work in the 
course of erection. The same parts of this joint are shown 
in elevation by A\ B\ 0', U, E\ 

If a connection is required to take the load from one 
girder to another, the single cleat is of no use whatever, 
for the girder A would swing round upon the bolt, or, if the 
cleat were deep enough to take two bolts, would put -such a 
twisting stress upon the cleat bolts as would throw it out 
of its proper position, and very likely bring the whole load 
upon the flange of the girder B, In such a case, then, the 
girders should be double cleated together, as shown in the 
connection of girders F and G, where cleats are riveted 
upon each side of girder F by rivets, and fastened to girder 
by bolts /. Even if this is a slovenly made joint, it may 
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be assumed that the slip on each side of girder F will be 
alike, and so no twist will come upon it, though the holding 
capacity of the bolt is questionable. 

Wherever a connection can be made entirely with rivets 
this should be done, for the rivets must fit their holes if 
they are hot enough for making heads upon them, and if 
not a loose rivet is easily detected. In builder's iron-work 
the bolts very seldom fit the holes, and for that reason the 
joints made with them must be rickety, but as they are 
soon covered up and hidden from sight this condition 
escapes observation, unless the clerk of the works has some 
knowledge of what iron- work construction should be. 

At one time riveting was done entirely by hand, the 
rivets were placed on a plate with holes in it, through 
which their stems hung over a fire until they were white- 
hot, the heads being protected from such intense heat by 
the supporting plate. The rivets were taken as wanted, 
one by one, and pushed through the hole in the plates to 
be riveted together, the head was held close up by pressing 
a hammer against it, and the white-hot end first hammered 
down by light blows, and then completed by holding a die 
or " snap " over it, and striking this with a hammer to give 
the rivet head a shapely form. In boiler work this was 
usually conical; in girder-work, either hemispherical, or 
cheese-shaped, both of which are stronger than the conical 
head, if there is any longitudinal stress upon the body of 
the rivet. As the rivet cools it draws the plates strongly 
together, and makes very solid work if the hammering up 
and snapping of the head has not taken long enough to 
allow the rivet to cool. The first improvement on hand 
riveting was the introduction of steam riveters, and these 
have now been displaced by hydraulic riveting machines. 
These last have the great advantage of being easily made in 
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very portable forms, and they are also very readily handled. 
One may be hung on a crane and be run along the flange 
of a girder in process of construction with considerable 
expedition, the water-pressure being supplied by a flexible 
hose. By these machines the rivets are noiselessly and 
instantaneously closed, and so exert a greater contractile 
force upon the plates than do rivets which are closed by 
hand. One end served by close riveting is the exclusion 
of moisture from between the plates where it would cause 
deterioration of strength through rusting. Another is the 
prevention of the plates buckling apart between the rivets 
under longitudinal compressive stress ; but lines of rivets 
must not be put too close together, as the plate is weakened 
by punching or drilling holes close together, and it may be 
taken, as a rule, that the rivet pitch should not be less 
than six diameters of the rivet; thus the distance from 
centre to centre of l-inch rivets should not be less than 
3f inches ; that of J-inch rivets, 4^ inches ; of ^-inch rivets, 
5i inches ; and of 1-inch rivets, 6 inches. 

The pressure which is put on a f-inch rivet head by a 
hydraulic riveter is about twenty tons, so the hot metal is 
thoroughly pressed into the rivet-hole, which it is very 
important that it should fill. The length of rivet body 
which should be allowed beyond the thickness of plates 
through which it is passed should be If diameters for 
hydraulic riveting, though li diameters will be enough for 
hand riveting. If a collar should be formed round the 
base of the head of the rivet, through excess of material, 
it should be left on, as if it is cut away the tool used for 
that purpose may cut into the plate, and so weaken it. 

The mode adopted for marking and perforating the plates 
and bars for riveting is of great importance. Where 
ordinary single punching machines only are available, 
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wooden templates, the sizes of the plates — or frames fitting 
to their sizes will do — and wherever rivet-holes are re- 
quired in the iron, corresponding holes are drilled in the 
wooden frames. These frames are then clamped to the 
plates and bars, and a wooden stump, which fits the holes 
easily, is dipped in white lead, and successively pressed into 
each hole, making a white ring on the iron in the exact 
position of the required rivet-hole. The plate is slung in 
chains and worked along by the puncher's mates, while he, 
sitting in front of the machine, brings each mark exactly 
under the punch as it descends ; a practised hand will do 
good work in this way at the rate of fifteen holes a minute. 
A more certain method consists in making conical de- 
pressions in the iron by means of a centre punch placed in 
the template holes and struck with a hammer, and then 
putting the plate through a machine with a nipple punch. 
In this the punch has in its centre a small point or 
" nipple,'' which, falling into the countersink made by the 
centre-punch, secures the correct central position of the 
hole when punched. Similar accuracy can be secured with- 
out the preliminary process of marking the iron if the plate 
is put on the carriage of an automatic feed punching 
machine, which moves the work forward the exact distance 
required aiter each stroke of the punch ; but this, of course, 
is only available for lines of rivet holes of uniform pitch. 
A few machines have been made which would punch holes 
to different patterns by having a row of punches, any or 
all of which could be thrown out of action as each stroke 
was made ; it was worked on the principle of the Jacquard 
loom, but is too expensive in proportion to its utility to be 
widely adopted. 

The. violent action of a punch necessarily strains the 
metal immediately round a hole, and for this reason it is 
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often specified that holes should be punched, say j^-inch 
less in diameter than the finished size, and the holes 
broached out to the full size by a broaching machine ; by 
this means the damaged material is removed, and that 
which remains is sound, and, moreover, the hole is left 
cylindrical, which is not the case when it is simply punched, 
as then it is larger on the under than on the upper side 
of the plate. This will be evident to any one who ex- 
amines the " burrs " which accumulate under the punching 
machines. 

Holes drilled out of the solid are to be preferred to 
punched, or punched and broached holes, but the sharp 
arrises should be taken off their edges by an obtuse 
broaching tool. 

If the holes have to be drilled singly the expense is 
greatly increased, and accuracy of pitch is not assured, but 
multiple drilling-machines are made, which drill a number 
»f holes at once, and as one man can attend to several of 
ihese machines, economy as well as accuracy is ensured. 
Special drills are used for this purpose, very stiff so that 
they shall not run out of line on encountering some differ- 
ence of hardness in the metal operated upon. Twist-drills 
are very satisfactory for this purpose. One very great 
advantage obtainable by the use of drilling machines is that 
several plates may be clamped together in the positions 
they are required to occupy in the completed work, and 
the holes drilled through all of them at one operation, thus 
securing a truly cylindrical hole throughout the whole 
thickness of a flange for the reception of the rivets. 

If the plates — assuming there are three or more in the 
thickness of a flange — are punched, they must be punched 
separately, and if they are^ not broached out afterwards the 
bol^s c^Qfl^ot be cylindrical through tb^ whole thickness gi 
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plates when put together, for each hole has some taper in 
it. In such a case the rivet is closed with rings around it 
—assuming it to be hot enough to fill the hole — and these 
rings form sharp angles in the rivet bodies, which tend to 
aid shearing stress ; if the rivet is too cool to be forced into 
all the irregularities of the hole, it will not obtain its full 
bearing, and, under moving loads, will soon become loose. 
Even when the holes after punching are broached out, there 
is always an uncertainty, if they are worked separately, 
about the holes coinciding throughout when a number of 
plates are put together, and if they do not the rivets will 
be partly sheared in closing. 

It will be seen from these remarks that the preparation 
of plates and angle-irons for riveting together is a matter 
of superlative importance to the security of the work, and 
the same remark applies to bolted work where any stress 
comes upon the bolts. 

I feel it necessary to point out particularly the require- 
ments of riveted, and, more especially, bolted connections 
which must be made during the erection of a structure on 
account of the ramshackle way in which a good deal of 
this work is done in connection with builders' ironwork, 
some of it is absolutely disheartening to a man who has 
been accustomed to engineers' work. Nearly all of this 
results from want of forethought ; nothing should be left to 
the men, for every labourer thinks he can bolt two iron 
girders together, and do it well, when very likely, if the 
bolts served him, or which he picks up, are too long for the 
job, instead of laying them aside and getting others, he will 
fill up the spaces with three or four, or more, washers under 
the nut, which, combined with the usual ill-fit of the bolt to 
the hole, renders the connection practically useless; you 
might as well tie the things together with a piece of wire. 
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Washers placed round bolts are very necessary in certain 
positions; if the case necessitates the bolt-head resting 
against the inner or sloping side of a rolled joist flange, a 
taper washer is required between the bolt-head and the 
flange to give a fair bearing to the former, and so prevent 
a side wrench upon the body of the bolt. If the nut comes 
upon the slope of the flange, a similar washer should be 
used under that. Washers in other classes of work are put 
under the nuts to prevent their cutting into the metal as 
they are screwed down ; but the nature of the work with 
which we are dealing is not such as to require this pre- 
caution. While on this subject, I may point out a very 
common blunder, which is to screw down the nuts as tight 
as the operative can do it, under the impression that thereby 
the work is made more stable. This idea may lead to 
accidents, as a screw thread affords the means of enormously 
increasing the force used in tightening up a nut, as a little 
calculation will show. Suppose we take a 12-inch spanner 
to tighten up a nut upon a 1-inch bolt. The pitch of the 
ttiread on that bolt will be Jth of an inch, and the force 
exerted on the nut in a direction parallel to the axis of the 
bolt will be to the force applied to the end of the spanner, 
as the path described by the latter in one revolution is to 
t-inch ; therefore the multiplication of force is — 

= 3-1416 X 24 -r i = 603-187. 

Twenty-four inches is the diameter of the circular path 
described by the end of the spanner. If now 20 lbs. pres- 
sure be applied at the end of the spanner, the longitudinal 
force upon the bolt will be 603 X 20 = 12,060 lbs. = 5-43 
tons nearly. At the bottom of the thread the bolt is about 
j-inch in diameter, which gives a sectional area of 0*44 
square inch, so the stress per sectional square inch would 
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be 5-43 -r 0*44 = 12-34 tons, which would probably exceed 
the limit of elasticity of the material, and therefore per- 
manently stretch and injure it. If the nut and bolt on 
which it is screwed are quite dry, however, the friction of 
the nut would stop it when about 2 tons stress was 
reached, with only 20 lbs. on the spanner, but if the parts 
were oily a pressure of nearly 5 tons would be obtainable ; 
but a man can put 50 lbs. or more on the spanner, so this is 
no guarantee of safety. It may be taken that when the nut 
has an all-round solid bearing upon the surface against 
which it is screwed that it is tight enough. Where one 
girder has to support the end of another, there are two 
correct positions for the latter ; in the first, the supported 
end rests upon and reaches across the top flange of the 
supporting girder, so that its weight is equally distributed 
over the width of the latter, and therefore causes no ten- 
dency to twist or rock under varying loads. In the other 
position, the web of the supported girder A, Fig. 36, is 
cleated to that of the supporting girder B, which is shown in 
section. The girders taken for illustration are each rolled 
steel girders 16 inches deep and 6 inches wide on the 
flanges. No weight should be allowed to come direct upon 
the bottom flange, it should all be taken from the web of 
girder A to that of girder B, by angle-iron cleats A, 
arranged as shown in the horizontal section C taken on the 
line F F. 

The web of the girder -^ is to be so cut that it cannot 
bear upon the bottom flange of girder B when this can be 
avoided, but this necessitates the use of properly fitting 
bolts e e e^ to connect the angle-cleats h with the web of 
girder -B, and therefore the end of the web is commonly cut 
to rest with more or less equality of bearing on the lower 
flange of this girder, regardless of the fact that a twisting 
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stress upon the root t of a rolled girder is about the most 
destructive to which it can be exposed. If there happen to 
be two girders resting on the lower flange of girder J5, and 
their loads are equal and constant, the twisting stress 
alluded to will not occur, but if the loads are unequal and 
are not constant but varying, there will be an alternating 
stress upon the root i of a most trying description. 

The proper attachment of the cleats to the girder A is 
easy enough, as they can be riveted on with rivets c c c, 
but in work small enough to be served by rolled girders 
there is seldom room enough to rivet the cleats to the 
girder B on the site, and if there is room, there is seldom 
enough of it to warrant the introduction of riveting plant 
on the premises ; though certainly more might be done in 
this direction in towns in which high-pressure hydraulic 
mains are laid whence power to actuate hydraulic riveters 
is available. 

While upon this subject I cannot pass on without refer- 
ring to the great waste of money that occurs in the drilling 
of holes on the site in buildings. A hole that will not cost 
a penny to punch in the yard will cost sixpence to drill in 
the building, and then the work will be ill-done. If the 
architect will only decide upon what he wants, and make 
his plans absolutely complete before he begins building, 
there need be none of this waste ; the position of every hole 
can be determined, and all of them can be punched or 
drilled in the iron yard with the certainty of a proper fit 
when they are put together on the site. In railway dep6ts 
and large carriers' buildings this system has been used with 
perfect success, and there is no reason why it should not 
apply equally well in the execution of constructional iron- 
work for smaller buildings, if they are designed before they 
are built. 
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The most cuiious connections suggested in building work 
are to be found in sketches of wrought-iron and steel stair- 
carriages. Anything that is required in this way can be 
readily made in cast iron or mild cast steel, and these I 
have constantly used with satisfaction myself ; but the idea 
of the strength and safety of rolled joists for this purpose 
has gained so strong a hold that the difficulties of making 
cranked and twisted joints are quite [overlooked in view 
of the fact that the run of the stair-carriage is a rolled 
joist. 

The question of stair-carriages involves some curious 
reflections ; it is trite to say that in some case they are 
wanted, or they are not wanted, but I have known them to 
be ordered by a district surveyor to be fitted up, after the 
stairs were completed, each stair being pinned into the wall 
and quite capable of carrying its load as a cantilever. In 
such a case it does not matter much what is put up, so that 
it does not put additional load on the stairs it appears to 
support. 

AVe have, however, here to deal with cases in which the 
stairs are supported by their carriages, and to consider the 
connections necessary when we are tied to the use of rolled 
joists. 

In the general run of work it is not often that a joist 
larger than an 8-in. X 4'in. steel is required as a staircase 
carriage, and the difficulty of making any satisfactory 
cranked joint in these I will now point out. 

As in other cases this matter is most easily dealt with by 
taking an example, and in so doing I shall assume that the 
carriage does actually take half the weight of the staircase 
and its living load. A side elevation of such a stair-carriage 
is shown by A B, Fig. 37. -^ C is horizontal to carry the 
lower landing, and also D B which supports the upper 
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landing. The part C D which supports one end of each 
step is necessarily inclined, but its eflfective span — as pre- 
viously explained — is the horizontal distance between 
and i>, 12 feet in the example taken; the total span of the 
carriage is 20 feet. Now let the staircase be 4 feet wide 
in the clear, then when it is crowded with people the total 
load between the walls A and B will be, 

20 X 4 X 2 cwt. = 160 cwt. = 8 tons. 

The load of 2 cwt. per superficial foot will cover the 

weight of the people as well as that of the stairs, even 

allowing the latter to be of concrete. One-half of the load 

4 tons comes upon the stair-carriage, and reference to a 

table of strength shows that if Germain joists are used, 

one 8 in. X 5 in. will be requisite, as this is rather a 

long span. To make sharp bends as shown at C and D is 

impossible, and therefore the steel joist must be cut and 

jointed at those places. These joints are shown in detail 

at E and F, The moment of stress will be the same for 

both joints. The whole load on the cranked carriage is 

4 
4 tons, therefore the load per foot horizontal is, ^ = 0*2 

ton. The distance of either C or D from the nearest point 
of support is 4 feet, therefore the moment of stress 
required is, 



M =: — 2" IX'-l 



0-2 X 4 



|4 — 20|= - 6-4 foot-tons, 



the minus sign showing that there is tension on the lower 
flange and compression upon the upper. If the stress can 
be picked up by flange cover plates, the stress to be taken 
at each flange will be equal to the moment of stress (if) 
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divided by the depth of the carriage, which is 8 in. = 0'66 
feet, therefore this stress will be, 

S = ——V- = 9-6 tons. 
0-66 

The number of rivets on each side of the joint required 
to meet this stress will be — the rivets being i inches 
diameter, and their areas therefore 0*44 square inch — 

9-6 ^ . ^ 

= 0-44 X 4 = ^ "^^^' 

the safe shearing stress being taken at 4 tons per sectional 
square inch. If a 4-inch rivet pitch is used, and two rows 
of rivets, the length of cover on each side of the joint will 
be 3 rivets x 4 pitch = 12 inches, and the cover plate must 
-therefore be 2 feet long. We have now to see how the 
action of the cover plates is affected by the joint being 
cranked. At the joint E the top cover ^ A is in com- 
pression, and this will press it against the top flange of the 
girder so that it will do its work without putting any 
longitudinal stress upon the rivets. The cover plate on the 
tension flange will also be pressed against it, so that in this 
position the cover plates both act properly. The net sec- 
tional area of the plate ij must not be less than, 

— ^ = 1*92 square inches. 

The flange width is 5 inches, so this would also be the 
width of the cover plate ; deducting two J-inch rivets, the 
effective width left i35 — 2 x} = 3*5 inches, and there- 
fore the requisite thickness of the cover will be, 

-oTc- = 55 inch, 
so the plate will be made i^-inch thick. 
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The gross area of the top cover plate must be, 

9-6 

-T- = 2*4 square inches. 

The necessary thickness will be 24 -f- 5 = 0*48 inches, so 
i inch will be sufficient for this, but it is best to keep these 
plates both of the same thickness, so that if they are mis- 
placed — which may happen if the workmen are careless — 
there shall in any case be the requisite strength of cover. 
Some people like to hide the joint in the web by riveting 
the plates pp on each side of it, but this is quite unneces- 
sary as — if there is no encasing or other covering — the 
paint will cover it. 

Now in regard to the joint F the conditions of the cover 
plates are reversed, compressive stress will tend to spring 
the plate k m away from the girder flange and so bring a 
pull upon the heads of the rivets, and tension will have the 
same effect upon the bottom plate no, A long rivet g g 
on each side of the girder web would certainly serve to tie 
the cover plates, which would then require to be longer to 
allow a pitch distance on each side of the tie rivet to the 
next ordinary rivet. 

The consideration of this joint, in which the cover plates 
do not seem thoroughly reliable, brings us to the question 
of the strength of a fish-plate joint in such a position. In 
this mode of construction, the moment of shearing resist- 
ance of the rivets is necessarily much less than that of an 
equal number of rivets in the flanges of the girder. The 
rivets must be kept in sufficiently to let their heads clear 
the inner sides of the flanges, which in an 8 by 5-inch 
girder would be about If inches from the outside of the 
flanges, so that the effective depth for the moment of 
resistance of the rivet areas would be, 

8 = U X 2 = 4i inches. 
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The direct shearing stress upon the upper and lower 
rows of rivets will be as 4J in. = 0*376 ft., and the 
moment of stress is 6*4 tons. 

oi 6,4 ^ ^ aA 

S = 7rQ^= 17-06 tons. 

0.0/0 

As there will be a plate on each side of the web of the 
girder, the rivets will be in double shear, and the number 
of rivets required on each side of the joint will therefore be 
— in each row — 

1^'^'^ = 6 rivets. 



4 X 0*44 X 2 



The arrangement of the rivets is shown at C, Fig. 37. 
If the rivets are pitched 3 inches apart the total length of 
the joint plate, measured along one of the lines of rivets, 
will be 2 feet 6 inches. 

At the joint itself the joint plates will act as rectangular 
beams under transverse stress. li b = thickness in inches 
of each plate, and d = depth in inches, the moment of 
resistance for working stress will be, 

-. s.kd' 4x25x7^- .^ . . 
M = — T— = g = 65-3 b. 

This is taking the depth of the joint plates as 7 inches, and 
the direct working resistance of the metal as 4 tons per 
sectional square inch ; the formula gives the resistance in 
inch- tons; in foot-tons it will be 66*3 6-7-12 = 5*4 6. 
Equating this with the moment of stress 

5*4 J = 6*4, therefore 6 = 1*1 8 inches. 

Therefore each joint plate should be 1^ inch thick to 
give the proper transverse strength at the joint, and this is 



MANUFACTURE CONNECTIONS. 169 

assuming the work is riveted. If bolts are to be used the 
result is not so good — or rather, I should saj'', is worse — and 
I should certainly prefer a cast carriage to one joined up 
by fish plates bolted on each side of the web. 

On account probably of the distrust of cast iron, columns 
and stanchions of that material have been in many cases 
rejected in favour of substitutes built up of wrought iron 
and steel. This may very reasonably be done in railway 
dep6ts where there are chances of very heavy blows and 
where very heavy loads occur which require supports of 
sufficient size to allow of free manipulation ; but it is a 
mistake to use wrought iron or steel for the stanchions of 
ordinary commercial buildings, as it is difficult to make 
satisfactory connections between the shafts and caps Or the 
shafts and bases, or to adapt the shafts to carry inter- 
mediate girders, such as may readily be taken on a bracket 
on the side of a cast-iron stanchion, or have its end sup- 
ported in a pocket cast in the stanchion. 

In storage warehouses where appearances are of no con- 
sequence, wrought columns and stanchions of large size can 
be used, and sections of metal suitable for building them up 
are specially rolled. 

In Fig. 58 A shows a stiff form of column made of 
segmental bars with longitudinal flanges h connected by 
rivets c. The longitudinal flanges add much to the strength 
of the column by resisting collapse. The shaft is fastened 
to the base by strong angle-iron brackets e e^ &c., and the 
cap may be attached by similar means ; but if the bases 
extend far outside the limits of the shaft the angle-iron 
should not be used, but the tee-iron brackets as shown in 
plan at B and in vertical section at (7. 

The simplest way to get over the difficulty of a large 
base to a wrought shaft is to make it of cast iron or cast 
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steel and make good the joint with iron cement. The 
casting is made with a recess of the same shape as the 
shaft, but with sufficient play to allow the cement to be 
readily put in and caulked down ; the socket can of course 
be made high enough to allow of brackets being cast on 
it to properly spread the load over the whole base. 

In commercial and other public buildings architects often 
wish to keep the columns small, and yet there must be 
something allowed outside the iron column for ornamenta- 
tion, such as producing the appearance of a marble or 
granite column. We are then perhaps rigorously cut down 
to a diameter of 6 or 7 inches^ and if the architect insists 
on built steel stanchions we must rivet four angle-irons 
together, which at the larger size could only be 3^ in. 
by 3 1 in. by j^ in. thick. Such an arrangement is shown 
at 2), Fig. 38, where //// are sections of the angle steels 
resting on a base plate g g g g. The difficulty of attach- 
ment is obvious, there is a bare 3 inches clear on any limb 
of either angle-iron, and if a bracket is riveted on to one 
it blocks the surface of the return limb of that bar, by 
taking up another ^ inch as shown at A, so that only four 
brackets could be used in such a case. Now suppose this 
stanchion to be 14 feet high, and made of the best English 
iron or of mild steel, then its breaking resistance per sec- 
tional square inch will be, 

_ 20 

— r* 

^ "*■ 900" 

when r = ratio of length to diameter which in this case is, 
14 ft. X 12 -*- 7 ins. = 24, therefore the breaking stress is 

20 
= --(24)'- = 12-2 tons nearly, 

^^ "900" 
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With 6 as a factor of safety this gives as the working 
strength 12*2 •*- 6 = say 2 tons per sectional square inch. 
The sectional area of the stanchion is, 

4 X {3J + 3i — i} X i = 26 sq. ins. 

Such a stanchion would therefore safely support 26 X 2 
= 52 tons. 

Now let us consider what sized base will be required to 
carry this load on to the foundation ; by this I do not mean 
the subsoil or rock, as the case may be, for a pier may be 
extended by footings all round until the required area is 
covered, but to the bedstone upon which the base of the 
stanchion rests. How much pressure may be put upon the 
bedstone will, of course, depend upon its quality ; assuming 
that a good quality of limestone is used, it may be loaded 
safely to 7 tons per square foot ; but as it has to spread the 
load it must have a true bed on the masonry or brickwork 
below, and if it is 1 foot thick, should not extend more 
than 9 inches beyond the baseplate of the column, all 
round. The area of iron baseplate required will therefore 
be 52 -i- 7 = 7*43 square feet, which would be furnished 
by a base 2*72, say 2 feet 9 inches wide. So wide a base 
could not be fitted with sufficient brackets from such a 
shaft to fairly distribute the load, if the base is made of 
wrought metal. 

A steel cylinder 7 inches in diameter with an angle steel 
ring 6 in. X 6 in. x ^ in. riveted on as a connection to the 
base, and a smaller one to connect the shaft with, the cap, 
would make a much better and neater job than the built-up 
stanchion, and cost less. 

We are not tied down to having small steel columns, for 
Messrs. Russell & Sons, of Wednesbury, roll solid steel 
tubes up to 20 inches in diameter and f inch thick, and 
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these may be made round, square, octagonal, hexagonal, or 
of other forms, if required. The relative strengths of 
different materials in long columns are — calling cast iron 
= 1,000 : wrought iron 1,746 ; cast steel 2,618 ; and the 
relative strengths for flat and round ends are : both ends 
rounded, 1 ; one end flat and firmly fixed, 2 ; both ends flat 
and firmly fixed, 3. 

As the crippling resistance of a solid rolled tube will 
certainly not be less than that of a riveted one, we shall 
be safe in using for the ultimate strength of mild steel 
hollow columns per square inch of sectional area, 

5= 16-f- {1 + 0000221^}; 

and for hollow square columns, 

5^= 16-T- {1 + 000017 r'}. 



CHAPTER VI. 

LOADS AND STRESSES IN BUILDINGS. 

In no matter is there more uncertainty than is to be iound 
in the question of loads in the structural ironwork of build- 
ings, except in certain classes of work in which the uses of 
the structures are known and clearly defined. 

Floors of dwelling-houses, from the smallest artisans' 
tenements to the most aristocratic flats, are now carried by 
iron or steel joists, especially when the filling in of the floor 
is executed in fire-resisting material, such as concrete, or 
combinations of concrete with terra-cotta or fireclay tubes 
or lintels, and the use of these floors has for many years 
been increasing ; first adopted for important public and state 
buildings, its use has gradually but continuously been ex- 
tended to every class. 

If a fire-resisting floor is to be used, the architect should 
decide upon the system to be adopted, before the structural 
ironwork is designed, for the respective weights and modes 
of construction of these floors vary widely, and also the 
stresses brought by them upon the supporting joists. These 
floors may generally be divided into two classes : those that 
put thrust, or lateral stress, upon the walls or girders carry- 
ing them, and those which merely bring vertical load upon 
their supports. 

If any lateral stress occurs in the floor it must be tak^Q 
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up by ties, or provided for by the solidity of the walls, or 
the added strength of piers or buttresses. The fact that 
different floors, made to attain the same end, may produce 
such different stresses upon the walls, is sufficient argument 
in itself that the architect should design his floors in detail, 
as well as in general plan and section. The practice of 
giving block plans to the various makers of special floors, 
in competition, is altogether wrong, for a building suited 
to carry one kind of floor maybe quite unfitted for another, 
which may be cheaper ; the trouble comes afterwards. I do 
not intend to deal with the relative values of fire-resisting 
floors, further than their construction affects the nature of 
the stresses upon their supports, and the convenience of 
fixing them. 

Live, moving, or useful loads will first be considered ; 
the dead load of the structure itself is easily and absolutely 
ascertainable. Let us take a room crowded with people of 
something over the average weight; we cannot get more 
than six twelve-stone men on a square yard of surface, 
unless pressure is applied; that gives just 112 lbs. per 
superficial foot for live load. If the floor of an assembly 
room were packed to this extent, the occupants could only 
move with difficulty, so vibration need not be considered ; 
but such a packing as this is practically impossible, except, 
perhaps, in corridors of theatres and railway stations. The 
weight of soldiers in close marching order is about 70 lbs. 
per superficial foot. Some remarkable data as to the weight 
of men that may be concentrated on a small surface have 
been published, some reading as high as 150 lbs. per foot 
super ; but this coming from experiments in a monastery, it 
may be that a number of exceptionally tall men were 
crowded into a small apartment ; such men, from the rigor 
of their lives, would necessarily be hard, and weigh more 
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in proportion to their heights than those who live a freer 
life, and occupy more space. 

There comes in the question of allowance for vibration, 
but this ought not to be mixed up with that of actual 
weight. I do not believe that 112 lbs. per superficial foot 
is ever reached in any public building by a moving crowd, 
and therefore that may be taken as the maximum useful 
load. 

In private houses the floor load is necessarily much less, 
for if reception and ball-rooms are excluded, we shall seldom 
find one person to the square yard, and the whole family, 
with guests included, will not average 56 lbs. to the square 
foot. Furniture must also be taken into consideration, but 
this — in the central spaces — does not exceed the live load 
it displaces ; heavy furniture, such as bookcases and pianos, 
are usually close to the walls, and, therefore, the loads they 
bring upon the joists act so closely to the points of support, 
that the transverse stress, as compared with uniformly dis- 
tributed load, is very slight ; what it actually is may be 
calculated, as will be shown subsequently. If a library is 
arranged to have bookcases in the centre of the floor, as 
well as at the sides, a special case arises, which must be 
dealt with in determining the sizes of the joists. 

In bedrooms in private houses, the weight of furniture 
and inhabitants will seldom avei'age 28 lbs. per square foot, 
but heavy pieces of furniture may cause local loads, 
that must be considered in determining the section of the 
joists ; and it must be remembered that such heavy loads 
may be moved from one part of the room to another, for 
purposes of cleaning, temporarily, or for a longer period, to 
suit the varying convenience of the occupant, therefore, all 
the joists in that room must be made strong enough to 
support the heaviest piece of furniture it is intended to 
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receive, and also to take the weight in the centre of their 
spans. 

In drill halls and rooms used for rythmical athletic prac- 
tice, vibration in its most destructive form will occur, but 
whether it has any serious effects will depend upon the 
intervals of impact upon the floor. Every elastic body 
has a certain period of vibration, and if the impacts pro- 
ducing vibration have the same interval, every successive 
impact will increase the distance or amplitude of the vibra- 
tion, and this may be continued until the limit of safe de- 
flection, has been passed, after which a collapse is imminent. 
We should, therefore, study to prevent any possibility of 
synchronism between the vibrations of the floors and the 
movements of those practising on them. For this purpose, 
the quickest return available is that to be adopted, and 
that will be found in the most rigid joist, and the rigidity 
increases, for a given span, as the depth of the girder; 
hence the requisite strength should be obtained preferably 
from depth of girder, rather than from breadth and thickness 
of the flanges. The effects of dancing or drilling on a floor 
is not similar to the dropping of weights upon it, for the 
elasticity of the muscles causes the weight to come gradu- 
ally upon the floor, and the energy of the action is in a 
great measure expended in generating heat in the bodies of 
those engaged in it. If a man walks on to a girder until he 
reaches the centre of the span, he will cause it to deflect 
gradually until it has attained its maximum deflection on 
his arrival at the centre, that is, its maximum under the 
steady load of his body; if he now jumps, the ensuing 
deflection of the girder will be momentarily increased, 
but the still load to produce the same eflect cannot be 
determined unless the deflection of the girder is measured. 

Work — in a mechanical sense — is the product of a force 
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multiplied by the distance through which it acts, and work 
is done in deflecting a girder, and the eflect of a jump, or 
other impact, will be equal to that of a weight gradually 
applied to produce the same deflection. 

If a load W brought gradually upon the centre of a girder 
causes a deflection equal to y^ then the work done by the 
load \^ W X y. If the same load is dropped from a height 
h on to the girder, and it causes a maximum deflection = ^, 
then the work done will be equal to ^ X {h + y^}. The 
deflection of a given girder is in direct simple ratio to the 
load producing it ; if 5 cwt. will deflect a bar through half 
an inch, 10 cwt. will deflect the same bar one inch, but the 
work done is evidently in ratio to the square of the load, 
as. when the deflection is doubled both the load and the 
distance through which it acts are doubled ; therefore the 
weights to produce different deflections will vary as the 
square-roots of the work expended in causing them. 

If a load of 100 lbs. produces a deflection of one inch 
on a given bar, the work done in producing this deflection 
is 100 inch-lbs. Now suppose the weight to be let fall 
from a height of five inches, it will have accumulated work 
equal to 500 inch-lbs. before it touches the girder, and 
before it comes to rest this work must be expended in 
causing deflection, in addition to the 100 inch-lbs. that 
would act in gradual application, or the whole work is 600 
inch-lbs. 

The weight which, gradually applied, would produce a 
deflection equal to the falling weight, would be, 

W = a/^ X JF=i 2-449 . W 

In the acts of marching and athletic posturing there is no 
actual fall of the load, but a shifting of position, though a 



LOADS AND STRESSES IN BUILDINGS. 169 

skipping exercise would involve an actual descent of load, 
though, as explained previously, this would not be suddenly 
applied in its whole intensity. It may therefore be taken 
that the movement will not do more than produce twice the 
deflection which would accrue from the same load applied 
gradually. The load to be dealt with will not be the full 
weight of 112 lbs. per superficial foot, as room must be 
given for action. Now in close marching order soldiers 
will not average more than 80 lbs. per square foot of floor 
room, and scholars in gymnasia would certainly be lighter 
than this ; so a live load of 1^ cwt. is sufficient to take 
for drill-rooms and training-schools. Of course the dead 
weight of the floor must be added to this for the total 
load. 

In storehouses, such as granaries and other buildings 
designed for specific purposes, there is no difficulty in de- 
termining the maximum useful load upon the floors, as the 
weights of the materials are known, or are easily ascertain- 
able, and the same is the case with libraries and shops of 
various kinds. In churches and other places of worship we 
may be satisfied with taking the seating capacity of the 
building, and the same with assembly-rooms and places of 
entertainment, where the seats are fixed ; but where this is 
not the case, allowance must be made for a closely-packed 
crowd, and in buildings which may be occasionally used for 
political purposes the effects of violent stamping, which can 
be managed even in a crowded room, must not be disre- 
garded; in such cases it is advisable to calculate for a 
double load. 

The continuous running of machinery in factories and mills 
cannot be regarded as causing a potential increase of load, 
but it certainly calls into existence tremors which will 
probably extend throughout the building, and these will 
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exert a racking action upon the connections of the girders 
and stanchions or columns used in the structure. To re- 
duce this to a minimum the running machinery should 
nowhere be directly connected to any girder or stanchion 
which forms part of the constructional iron or steel work 
of the building. I know this cannot always be avoided, 
especially in regard to shafting, but the evil effects must 
not be overlooked. 

The dead weight of the floor must be allowed for, and 
that of any partitions which may be carried upon it. If 
the partitions run parallel to the joists, an extra strong 
joist, or two joists side by side, may be placed imme- 
diately under each partition, and so take the weight 
of the partition alone, and not communicate to it the 
vibration of the floor. This, however, will not always 
happen, and when partitions occur at right angles to 
each other, some of them must necessarily cross the floor 
joists. 

Now as these joists are of uniform section throughout 
their lengths, and as in the tables previously mentioned 
the strengths are given for uniformly distributed loads, it 
is necessary to find, in cases where other loads are con- 
cerned, what uniformly distributed load would give the 
same maximum moment of stress. A central load causes 
twice the stress that the same weight would, if distri- 
buted, bring upon the joist; so if there is a four-ton 
central load on a joist, one fitted to carry eight tons uni- 
formly distributed must be chosen. We want, however, a 
general expression for the equivalent load uniformly dis- 
tributed to any local load. 

Let A B, Fig. 39, represent a joist or trimmer, which 
carries a load = /P at a point distant y feet from the point 
of support A, and let I equal the clear span. The maximum 
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moment of stress will be at the point of application of the 
load, and will be, 

in which equation W x -^'^ is equal to the reaction of 

V 

the support A^ and y is the distance at which this reaction 
acts to produce the moment of stress. We have shown 
that under a uniform load the maximum moment of 
stress is. 

If TV = the distributed load causing it ; therefore, equating 
these, we find, 

^^ • ^ TT7/ ^ — y v> 
__ = IF' X — ^-^ X y; 

therefore. 

We will apply this to the case shown in the figure, in 
which y = 10 feet, and ^ = 14 feet, and take TV to equal 
6 tons ; then, 

(10 /lOV) QQl^x 

J — ' » ' — Q-816 tons. 



"-=»>< Ml-:- (1^)1 =» 



If, however, a joist is subject to mixed loads, the finding 
of a single distributed load, giving the same maximum 
stress as all the actual loads together, will be more com- 
plex. Now let the same joist have, in addition to the local 
load TV\ a uniformly distributed load of 2-8 tons, that is, 
0*2 ton per lineal foot of span. At any point in the span 
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the moment of stress will be equal to the sum of the 
moments accruing from each load, and the question arises 
as to whether the maximum will be under the local load 
or at the centre of the span. From formulae already found, 
the moment of stress under the local load, but due to the 
equally distributed load, will be, 






= — 4 ft. -tons. 



The moment from the local load will be, designating the 
reaction minus as usual. 



= - 17-U ft.-tons. 



Total under local load = — IT'U - 4 = — 21-14 ft.-tons. 
At the centre the moment from the distributed load is, 

M=.-^=- Q-^ X I'' X ^^ = - 4-9 ft-tons. 
o 8 

and the moment at the centre of the span of the reaction at 
A^ due to the local load, will be, 

Mziz-^fF'X ^-^ xi = ~6xi,x7 = -12 ft-tons. 

b 1 14 

Total at centre of span = ~ 12 — 4*9 = — 16*9 ft.-tons. 
So the maximum moment in this case occurs under the 
local load, and the uniformly distributed weight to produce 
the same stress is thus found : — 

E^ = 2M4; K.^J^ = 2M4; /F = 12-08 tons. 

If there are more loads than two, the moments of stress 
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must be summed under each of the local loads, as well as at 
the centre of the span, to find the maximum, which is then 

to be equated with — ^'- to find the equivalent equally dis- 

8 

tributed load. 

The amount of load that a partition will bring upon a 

wall will of course depend upon its construction and the 

material of which it is composed. A partition formed in 

breeze concrete six inches thick will weigh 42 lbs. per 

superficial foot of face; so if this were running across 

joists placed two feet apart, and the room is ten feet 

high, the local load on each joist immediately under the 

partition will be, 

= 2 ft. X 10 ft. X 4^ lbs. = 840 lbs. = 0-38 ton. 

If the partition runs along a joist of say 16 feet span, the 
equally distributed load upon it will be, 

= 16 ft. X 10 ft. X 42 lbs. = 6720 lbs. = 3 tons. 

A 4J-inch brick partition weighs about one-third of a 
hundredweight to the superficial foot, but as it must be 
plastered upon both sides, its weight when finished will 
come up to that of the breeze concrete partition. 

When the breeze partition or one of brick has set, it 
will be almost, if not quite, self-supporting, provided there 
are no doorways in it, but if one occurs the continuity 
of the work is destroyed, and its whole weight will always 
be upon the supporting joist, and as alterations to build- 
ings frequently involve the cutting of new doorways, it is 
not safe to take it for granted that a partition made com- 
plete in the first instance will always remain so. 

Framed wood partitions filled in with concrete or brick 
may be trussed so as to carry their own loads clear of the 
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floor, but of course these must not afterwards be cut 
about. If the expense is not in the way, a framed iron 
or steel partition may be made, but this will generally 
cost more than a joist strong enough to carry an ordinary 
pai*tition, because the load is so light that framed work 
cannot be kept down to anything like the theoretical 
weight required. 

It may make this question of loads clearer if I take an 
example, and work them out for the whole building, 
assuming that some kind of concrete flooring is to be used, 
and the constructional work to comprise steel girders and 
cast-iron columns and stanchions. 

Fig. 40 shows a front elevation and Fig. 41 a plan or 
horizontal section of a warehouse building, which is assumed 
to be sixty feet square inside, and the whole of the ground- 
floor front left open, with the exception of the two columns 
A Ay which help to support the superstructure ; further 
in, on the ground floor, are other columns B By to take the 
ends of main girders C C C, which carry the floors. No 
internal walls are carried up; so the columns B B, on 
the ground floor, must carry others in tier above them 
to support the main girders of the upper floors and the 
roof. Whether stanchions will be required upon the 
columns A A will depend upon whether the brickwork 
or masonry, as the case may be, is strong enough to carry 
the upper loads, and the same contingency is to be looked 
for in regard to the back wall. 

Each floor will be required to carry a useful load of, say, 
8 cwt. per superficial foot of area ; the dead weight may be 
taken as half a cwt, making a total load of 3*5 cwt. per 
foot super. If the roof is also formed by a concrete flat, 
the total load upon that may be taken as 1*5 cwt. per foot 
super. 
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Lines drawn through the centres of the columns B B, 
parallel to the front and back walls, will divide the floor 
area into nine equal portions, each 20 feet square, so the 
floor surface carried by one main girder C will be 400 
square feet^ as shown by the dotted square g g. Therefore 
the load upon each will be, 

= 400 sq. ft. X 3-5 cwt. = 1400 cwt. = 70 tons. 

I shall assume that English steel joists of material 
guaranteed to stand 32 tons per sectional square inch in 
tension, before rupture, are specified to be used, the factor 
of safety being 4, so that the maximum working load does 
not exceed one-fourth of the estimated breaking weight. 
The efiective span is less than 20 feet by the width across 
the column-cap, so it may be taken as 19 feet, which will 
allow a little margin. 

Referring to a manufacturer's table of strengths, I find I 
must use two rolled girders side by side, each being 18 
inches deep by 7 inches wide on the flange, and weighing 
84 lbs. per foot run ; this would give a strength of 80 tons 
working load, but two girders of the next size smaller 
stock sections would only give a working strength of 51*2 
tons ; so the loss by using excess of metal cannot be 
avoided, unless a compound girder is used, and then the 
extra cost per ton incurred in riveting on the plates to the 
top and bottom flanges would in most cases exceed that 
due to the excess of weight in the plain girders. 

If, however, there is not sufficient height to allow of the 
use of such deep girders — ^they would be required under 
every floor — compound girders must be resorted to. 

The main girders need not project downwards their 
whole depth below the floor, as the floor joists may run on 
to angle-irons riveted to the main-girder webs, orHhey may 
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rest upon the bottom flanges of the main girders, if these 
are not high enough to project upwards through the floor 
finish. 

We will now see what size floor joists we shall require, 
assuming they are to be spaced at two feet centres. These 
joists are filled in with concrete, and although this packing, 
if properly made, will tend to prevent buckling and lateral 
displacement, it can add nothing to the direct carrying 
strength of the joist, it can take no part of the longitu- 
dinal flange-stresses upon the joist, and must be regarded 
merely as a slab to carry the intervening load on to the 
joists. 

In regard to longitudinal transverse strengths, an in- 
elastic material cannot act in concert with one which is 
elastic. 

Respecting concrete and artificial stone of various 
kinds no formula has yet been evolved by which their 
transverse strengths may be determined. The molecular 
changes which occur under stress are not known, and 
altogether we are in darkness on the subject. If a floor 
of steel joists and solid concrete deflects under a load, it 
is most likely that the concrete will crack at intervals on 
the under side, and so be effectively broken up into short 
bearers between the joists, if it was originally good enough 
to become solid. 

In determining the size of the floor-joist, we must 
then ignore the concrete, and use one capable of carrying 
the whole superposable load. Taking the distances from 
centre to centre of the main girders as the joist-spans, 
these will be 20 feet^ and the load on each will therefore be, 

= 20 ft. X 2 ft. X 3-5 cwt. = 140 cwt. = 7 tons. 

The nearest stock section above this strength is 8 inches 
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deep by 6 inches wide, and weighs 36 lbs. per foot run ; 
the working strength of this joist is equal to a load of 
7*6 tons, but the next below it is only fitted to take a load 
of 6*4 tons. 

The sections here taken are those kept in stock, but if 
the quantity of joists required is sufficient for a special 
rolling order, nearer approximations can be obtained. A 
lighter, 8 inches x 6 inches, can be rolled which affords a 
carrying strength of 7 '3 tons; but the question of time 
comes in here. We cannot rely upon getting a parcel of 
steel rolled in less than five or six weeks; it is not that 
it takes this time to roll the joists, but each order must 
take its turn, unless it is sufficiently large to pay for chang- 
ing the rolls and putting in those required for the particular 
section. 

There need be no difficulty in this matter, if the plans 
are properly drawn and dimensioned, and the builder is 
bound to follow these dimensions, the steel-work can bo 
ordered before the building is commenced ; but if the plans 
are in so unsettled a state that we must wait until the walls 
are up before the sizes of the rooms can be ascertained, 
there will not be time for getting the floor-joists rolled, 
and the extra expense of buying out of stock must be 
incurred. 

Let us now see what we can do with a compound girder, 
assuming that the whole thickness of the floor is not to 
exceed 16 inches from the top of the concrete, flush with 
the tops of the floor-joists, down to the undersides of tho 
main girders. 

Two rolled girders, 12 inches deep by 5 inches wide and 
19 feet span, will carry together 25*4:7 tons ; this, deducted 
from the total load of 70 tons, leaves 70 — 26-47 = 44'63 
tons to be taken by plates riveted to the flanges of the 
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rolled girders. The effective depth between the plates will 
be one foot, so the stress on each flange at the centre 
will be, 

e fFxl 44-53x19 iak-k^^ 
S = J- = — - — ^ — = 105-/5 tons. 

S xd 8x1 

At a working load of 8 tons per sectional square inch the 
required sectional area of plates will be, 

— - — = 13*22 square inches, 
o 

There is, however, to be taken into account the loss by 
rivet-holes. These will be f inch in diameter, and there 
will be two rows in the top flange and two in the bottom. 
The central thickness of the flanges of the 12-in. x 5-in. 
girder is 0*6 in., so the loss of sectional area in the 
flanges of the rolled girders will be, either top or bottom, 
= 2 X 0*75 X 0*6 = 0*9 square inches ; therefore the effec- 
tive sectional area of plates required will be 13*22 + 0*9 = 
14-12 square inches. If two plates 16 inches wide by J inch 
thick are used for each flange, then, deducting H inches 
from the width for loss by rivet-holes in the plates, the 

remaining sectional area = 2. {16 — 1*5} — = 14-5 square 

inches. The depth of the main girder over the plates will 
be 14 inches,[and this will leave one inch top and bottom for 
rivet-heads and irregularities. The floor-joists would re- 
quire to have their ends notched on the top to clear the 
flanges and the main girders, and would rest upon angle- 
irons riveted to the webs of the latter, 
; In some forms of floor this notching may be avoided. 
Thus, if the floor is to be finished with boards carried on 
small sleeper-joists on the concrete, the floor-joists could 
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then be carried on the bottom flanges of the main girders ; 
this would bring their top surfaces to within 3J inches of 
the top of the main girder, and sleeper-joists 4 inches deep 
would allow the boards to clear them. 

The roof-girders carry each the same area — 400 feet — ^as 
the floor main girders, but with a lighter load. The load 
upon each will be, 

, = 400 sq. ft. X 1-5 cwt =s 600 cwt, = 30 tons. 

We cannot find anything less than two rolled girders, 12 
in. X 6 in. at 57 lbs. per foot run, for this purpose, and 
this has a working load of 34 tons. 
The load upon one joist will be, 

= 20 ft. X 2 ft. X 1-5 cwt. = 60 cwt. = 3 tons. 

A 5-in. X 5-in. joist at 25^^ lbs. is the least to take this 
load, and that is not deep enough for the span ; but we can 
use 8-in. x 4-in. joists, which are much stronger and 
more rigid, and only 25 lbs. per foot run. 

Where the supports stand clear, columns will not only 
look better but also be more convenient than stanchions, 
as they have no comers to knock against, and if carts or 
trolleys are being run about amongst them, they have no 
flanges to be chipped by things running against them. I 
shall therefore take B B B Bio be columns ; they will be 
bedded one foot below the ground-floor level. From the 
ground to the first-floor level is marked 12 feet in height, 
to this is to be added one foot down to the bottom of the 
base, making 13 feet, from which is to be deducted the 
total thickness of the floor to give the height of the column. 
If the compound girder is used the rivets must be flush on 
the underside where the ends rest on the columns; the 
depth of main girder— J^bove vbich the floor- joists do not 
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rise-is U inches, and an ordinary aUowance for finish is 
two inches, making the height from the top of the column 
to the finished floor level 16 inches, therefore the absolute 
height of the column itself will be, 

= 13 ft. - 1 ft. 4 in. = 11 ft. 8 in. 

Columns of this height and in such a position should be 
made not less than 1 2 inches external diameter. Bringing 
the length into inches and dividing by the diameter, the 
ratio of the former to the latter is found to be, 

11 X 12 + 8 , ^^^ 
r— ^2 —AID, 

By the formula given in a previous chapter the breaking 
resistance of this column, per sectional square inch, will be, 

- = 26*865 tons per square inch. 



1 + 



(11 -6)^ 
400 



To allow for possible imperfections in the castings a higher 
factor of safety will be taken for the columns than that used 
for the rolled girders and floor joists, and one-sixth the 
breaking weight will be taken as the safe working stress ; 
this will be, 

— g — = 4*477 tons per sectional square inch. 

Now what is the load on each column B on the ground 
floor 1 It has to carry two ends of girders C, at each level, 
that is a load equal to the total load on one entire girder at 
each level. The roof girder has a maximum load of 30 
tons, and the girder load at each of the four floor levels 
will be 70 tons ; so the total on the ground floor column 
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will be 30 + 4 X 70 = 310 tons. Dividing this by the 
safe working strength the required sectional area is found, 

= TTTff = 70 square inches (nearly). 

We must now find the internal diameter of column to give 
this area in the thickness of the metal, which will be the 
difference between the areas corresponding to the inside and 
outside diameters. Taking a table of areas of circles it is 
found that the area of a circle 12 inches diameter is a trifle 
over 113 square inches, therefore the inside area will be 
113 — 70 = 43 square inches. 42*718 square inches = 
the area of a circle 7f inches in diameter, and this will be 
taken for the inside diameter, and the thickness of metal 
in the column will be 

i^-^lii = 2 A inches, 

which would in practice be made 2 J inches. 

As we ascend the column load decreases. On each of 
these on the first floor over B the load is reduced to 
30 + 3 X 70 = 240 tons. The heights of the columns 
will now correspond to the distances of the floor levels 
apart, so those on the first floor will be 13 feet high ; keep- 
ing these also 12 inches in diameter r = 13, and the break- 
ing strength per sectional square inch will be 

^^ = 25-31 tons, 



1 + 



(13)^ 



400 
and the working resistance 25*31 -f- 6 = 4*22 tons (nearly). 
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The sectional area required for the floor bearing columns on 
the first floor is, therefore, 

j;oo = ^7 square inches (nearly). 

Proceeding, as before, the area of the hollow part of this 
column should be 113 — 57 =^56 square inches, which 
corresponds to a diameter of 8J inches (nearly), which makes 
the thickness of this column {12 — 8-5} -f- 2 = IJ inches. 
The load on the columns on the second floor will be 
30 + 2 X 70 = 170 tons ; and the height being 11 feet 
we may reduce the diameter to 10 inches; then r = 11 X 
12 -f- 10 = 13*2. The breaking stress of these per square 
inch will be, 

36 



1 + 



(13-2)'' 
400 



25-087 tons. 



and the working stress = 25087 -f- 6 = 418 tons per 
square inch. 
The sectional area required will be, 

= jttq = 41 square inches (nearly). 

The area corresponding to 10 inches diameter is 78*54 
square inches ; the internal area of the column must not be 
more than 78*54 — 41 = 37*54 square inches, which is 
slightly in excess of that of a circle 6| inches diameter ; 
this would be made 6} inches, and the thickness of metal 
1 i inches. 

On the third-floor columns the load will be reduced to 
30 + 70 = 100 tons, and the column diameter may be 
reduced to 8 inches; the height of the column is again 
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11 feet, sor=:ll x 12-f-8=16-5. The breaking stress 
per sectional square inch will be 

^^ =21-43 tons, 



1 + (16-5)^ 



400 

and the working stress = 21*43 -f- 6 = 3*57 tons per 
square inch. The sectional area required will be 

= "oT^ = 28 square inches. 

The area corresponding to 8 inches diameter is 50*26 square 
inches, so the internal area of this column will be 50*26 — 
28 = 22*26 square inches. The next convenient diameter 
below that corresponding to this area is 5^ inches, which 
leaves a thickness of metal ={8 — 5^}-^ 2 = 1 J inches. 
On the fourth floor the coluirin has only to carry the roof 
load of 30 tons; we may make it 6 inches in diameter. 
The height from the top floor to the underside of the roof 
girders is 9 feet, so r = 9 x 12 -f- 6 = 18 ; and the 
breaking stress per sectional square inch will be, 

^^ =19*89 tons. 



1 + 



(18)^ 
400 



and the working stress = 19*89-^6 = 3*31 tons per square 
inch. The sectional area required will be 

30 ^^^ . , 

= -^;«r = 9*07 square inches, 

The area of a circle 6 inches in diameter is 28*27 square 
inches; therefore the internal area of a foui*th-floor column 
will be 28*27 — 9*07 = 19*2 square inches, which corre- 
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Spends to a diameter a little more than 4| inches, this would 
give a thickness of metal = {6 — 4j}-f-2 = A inch; but 
I should never have a column less than f inch in a building 
of this character. 

We now come to the iron and steel work required under 
and in the front wall of the building ; at the tirst-floor level 
the wall is carried upon girders resting upon end piers of 
masonry, and on the two columns A A, 

The determination of the load in this part of the structure 
requires careful consideration, it is simply folly to average 
such a load per foot of surface or per lineal foot of girder ; 
it often happens that after one storey is passed the whole 
wall load comes upon the piers over the ground-floor stan- 
chions, each succeeding storey having the outer walls carried 
by a lintel across the windows. 

In the example I have taken there are two windows in 
each bay, and as the steel joists run parallel to the front wall, 
there is no floor load to be carried upon the girders KKK. 
The wall having to carry only its own load above the 
girders KKK, lintels will not be required, the ordinary 
arching over the windows being sufficient. The floor loads 
will come from the main girders directly over the columns 
A A. These will be dealt with after the loads upon the 
girders K, 

At M M is shown a vertical section of the front wall 
on any of the lines h h. The thickness of the wall from 
the first to the second floor is 2 feet 10 J inches, and at 
each floor above this is reduced by half a brick, or 
4J inches. The side walls on the ground floor are 2 feet 
3 inches thick, so if the caps of the columns A are 
18 inches square, the clear span of either side girder will 
be 20 feet less 9 inches = 19 feet 3 inches; and that of 
the centre girder 20 feet less 18 inches =18 feet 
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6 inches. The section will be settled for the larger 
span, and kept the same throughout the three. On 
the first floor the windows are shown 8 feet high by 
5 feet wide, they are placed symmetrically in regard to 
the span, and the space between them is 3 feet. The 
weight of the windows themselves is so slight in com- 
parison with that of the brickwork that it may be neglected 
and the whole window area deducted from the wall, espe- 
cially as there will be a deduction from the brickwork 
duo to splays in the window recesses, which, however, 
will also be neglected. The load on the central part of 
the wall between the windows will, of course, come as a 
central load upon girder K ; the windows being 5 feet 
wide, the width of brickwork between the window and 
the end of the span of girder K will be (19 ft. 2 in. 
— {5 + 2 + 5}) i = 3 ft. 2J- in., so each side load 
will be taken as acting at 3*125 -5- 2 = 1*562 feet from 
the commencement of the span. A square foot of face 
surface of wall 13^ inches thick is taken as weighing 
1 cwt., and upon this basis the wall loads will be 
determined. 

If the first-floor windows start two feet from the floor 
level, there will be beneath them a uniformly distributed 
load upon K, which will be 

OO.K 

= 19-25 X 2 X ^ = 64-16 cwt. = 3-208 tons. 

13*5 

The 22-5 inches represents the thickness of wall above 
the girder up to the second floor, and 13*5 inches the 
thickness corresponding to 1 cwt. per superficial foot of 
face. 

The central load will be the central pier plus half the 
brickwork over the windows : 
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Weight of central pier be- > „ ^ . „ 22-5 .... . 
tween Ist and 2nd floors ] 3 x 13 x _. = 6o00 cwt. 

Weight of central pier be- \ 18 

tween 2nd and 3rd floors J * >< 1 1 x j^ = oS'66 , , 

Weight of central pier be- \ . , , 13*5 , . ^. 
tween 3rd and 4th floors j * >< Al x l3^ = ^^'^^ " 

Weight of central pier be- ) . ^ 9 « , «^ 
tween 4th floor ^d roof 1 4x9^ -- = 24-00 „ 



[alf brick- work over Ist- ) _ ^ 22*5 «^ ^^ 
floor windows . .J 5x3x-— = 2500 



it 



Half brick-work over 1st- ) ^ ^ 22*5 

13^ 

Half brick-work over Ist- ) , « 18 ,^ «« 

floor windows . ./ 4x2x^^ = 10-66 „ 

Half brick- work over 2nd- ) . . 18 ,^ ^« 

floor windows . ./ 4x 3 x-j^ = 1600 „ 

Half brick- work over 2nd- 1 , ^ 13*5 „ ^^ 

floor windows , .) ^ ^ ^ x jg;^= 800 „ 



4x3x^^=1200 



Half brick- work over 3rd- ) ^ « 13*5 

floor windows . .} ^ ^ ^ ^ i^^ ^'^^ »» 
Half brick-work over 4th- ) 4 x 3 ^ - = 8-00 



floor windows . ./ *^ ''^13:5='^ "" " 
Half brick- work over 3rd- ) ^ « 9 



floor windows . .j 13-5 



:1 



ti 



276-65 ,, « 13-83 tons. 



This central load is partially distributed, that is, it is 

spread over the central three feet of the span of the 

girder, therefore the moment at the centre will be the 

difference between the moment of the reaction on one 

point of support and the moment of gravity of half the 

load about a point at the centre of the span, the pressure 

on^ and therefore the reaction of each support, will be 

13*83 
= — ^ — = 6 9 15 tons, and the moment of this about the 

19-25 
centre will be 6-915 X -jr— = 66-556 foot-tons. The 

downward moment will equal half the central load multi- 
plied by the horizontal distance (9 ins. = 0*75 ft.) of its 
centre of gravity from the centre of the span, it will bo 
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therefore = 6*915 x 0*75 = 5-187 foot-tons, and the re- 
sultant moment will be = 66*556 — 5*187 = 61*369 footr 
tons. To find the equally distributed weight to produce 
an equivalent maximum stress we must equate this with 

the formula — - ; thus, 

^'=EAIS^= 61-369; 

8 8 

therefore, ^ ^ S X 61-369 ^ 35.5^3 ^^^^ 

l9'2o 

The load on each end of the girder will be as follows : — 
"^nfaLail^r "" ) 3-125 X 13 x g^^eTTOcwt. 
"^^ll^l JrX*J"" ) 3-625 X U X ii.63.16 
'^Sl'id «h fl^™ ^} 3-«^S X n X ||:|=39.87 

^ri'fl<^a^""}3-«2ax 9x^13-21-75 

Half brick- work over one ) 84-99 _^^ ^ 

tier of windows . .J * ' "~2 *' 

224-97 „ «ll*24ton9. 



»> 



if 



>» 



The maximum moment of stress from the end loads will be 

= 11*24 X 1-562 = 17*556 ft.-tons. 

The distributed load to produce the same maximum stress 

being = /T, 

m^ JF X 19*25 ^ 17.55^ 

8 8 

fT = ^ ^ ^^'^^^ s= 7*29 tons. 
19*25 

The total equally distributed load to produce a maximum 
stress on girder Ky equivalent to that resulting from all the 
different loads upon it will be : 

3-208 + 25*503 + 7-29 = 36 tons. 
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The girder must, therefore, be. designed strong enough to 
carry this load. We find that three rolled steel girders 
10 in. X 5 in. — English — will give something more than 
the required strength, and the question arises whether these 
or a compound girder should be used. 

The width of the wall in this case is 22^ inches, so if the 
rolled girders are put close together there will be an over- 
hang on each side of {22-5 — 15} -r- 2 = 3*75 ins. This 
may be taken up on a stone core laid on the girders, but 
then the overhang is greater than is advisable, so the girders 
may be placed a little apart, their distances asunder being 
fixed by hollow distance pieces through which pass the bolts 
for holding the girders together ; these bolts are necessary, 
for without them the girders might spread apart under the 
load if their bearings were not exactly uniform. 

Notwithstanding the bolting together of girders placed 
side by side it does not follow that the superincumbent load 
will be equally shared amongst them, and this is the 
strongest argument for compound girders in place of coupled 
or triplicate ones merely held together laterally by bolts. 

In innumerable cases, two rolled girders connected by a 
plate riveted to their top flanges have been used to csLrry 
walls, the plate in this case sometimes serving in place of the 
stone core — of course no one with the slightest knowledge 
of the methods of determining the resistance of girders 
would put it on for strength, without also having an equal 
plate on the bottom flanges of the rolled girders — it does not 
distribute the load in such a way that each girder under 
it has half the load, unless it happens that the bedding of 
the girder ends is true, and that the bottom surfaces of the 
bottom flanges lie in the same plane, and this is hardly 
likely when each one is riveted on one side only of its web to 
the top plate; between the webs the flange edges are almost 
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certain to be drawn away from the plate. There are means 
of preventing this spread, but as this form of construction 
should never be used I shall not point them out. 

In the case under consideration the centre of gravity of 
the wall load, section M M, Fig. 40, is not exactly over the 
centre of the width of the girder /v, on account of the 
diminishing thickness of the wall, and therefore if girder K 
consists of two rolled girders, or three, bolted together, the 
load upon the outer one will be greater than that upon the 
inner, and if they are all of equal strengths the outer one 
will have more deflection and so allow the wall to cant out- 
wards, which is a very serious matter, especially if any floor 
loads are carried above, for it necessitates the introduction 
of wall ties, and a structure that is not normally stable is 
never made so by patching. 

It is to be taken, then, that the outside walls of buildings 
should not be carried upon any but compound, or upon built- 
up girders, according to the span and load to be dealt with. 

In the example, two 8 in. x 6 in. English steel girders 
taken at one-third the breaking strength would carry 20 tons, 
leaving 16 tons for the plates ; this worked out as in pre- 
vious examples, would require 10 inches nett sectional area 
in the flange plate. The mean thickness of the flange 
of the rolled joist is 0*6 inch, so' the loss of area by two 
f-inch rivet holes is 0*75 x 0*6 x 2 = 0*9 in., therefore 
there must bo 1 1 square inches nett in the plate ; a plate 
20 inches wide will have, after deducting two |-inch rivet- 
holes, a nett width of 18 J inches, so to get 11 square inches 
nett the thickness of plate must be : 

--^-. 0-594 inch, 
18*5 

the nearest commercial size to which is f inch, which would 
therefore be used. 
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We now come to the spacing of the rolled joists in this 
girder : the wall has an overhang on each side of {22*5 — 
20} -7- 2 = IJ inch, outside the flange plate; the rolled 
girders should be brought with their flanges one inch inside 
the outer edges of the plate, so that the overhang of the 
plate does not exceed twice its thickness ; the distance be- 
tween the flanges of the rolled girders will then be six inches, 
but as there can be no distinctly local pressure here unless 
the wall splits longitudinally and vertically, there is no danger 
of depression occurring in the plates. 

There is now to be something said about the riveting. 
There is a habit of riveting the plates to the rolled girders 
with the rivets zig-zag, which means that a twist shall be 
put upon the plate, or on the girder according to which 
first receives the load. With a uniformly distributed load 
the increments of stress come equally upon each side of the 
flange as the centre of the span is approached, and therefore 
it should be uniformly transferred to both halves of the 
plate riveted on, which it is not if the rivets are zigzag. 
This habit— a very bad one — of zig-zagging has probably 
been the outcome of the use of the long pitches ; to save 
labour these long pitches are used regardless of what pitch 
is necessary — and to save appearances the rivets are zig- 
zagged to make the pitch look shorter. 

I may seem prolix on such a matter as this, but if stu- 
dents in architecture will sufficiently interest themselves in 
the iron and steelwork of the buildings to which they have 
access during their erection, they will see for themselves 
that there is ample reason for calling attention to the very 
lax styles of construction that are permitted to pass and be 
buried in concrete and stucco. 

The next step is to determine the loads upon the columns 
A A, From the front wall each one receives half the load 
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of the girders, KK, on each side, so we will take the whbU 
load on one ; that is, one central and two end loads : 

= 13-83 + 2 X 11-24 = 36-31 tons. 

Taking other loads, there is first the brick pier immedi- 
ately above the column, 44 feet high, 1 foot 6 inches wide, 
with an average thickness of 18 inches, which weighs 
li cwt. per square foot of surface the weight of this pier 
will be 

= 44 X 1-5 X 1 J cwt. = 88 cwt. = 4-4 tons. 

The load upon each floor girder C is 70 tons, and half of 
this comes over the column A from each of the four floors, 
in all 35 X 4 = 140 tons; from the roof girder comes a 
load of 60 -7- 2 = 30 tons ; so the total load upon the 
column A is 

36-31 + 4-4 + 140 + 30 = 210*7 tons. 

Making these columns of the same diameter — twelve inches 
— as those under the floor, and the heights being the same, 
the working resistance will also be 4*477 tons per square 
inch, and therefore the required sectional area will be 

210-7 



4-477 



= 47 square inches. 



The area of a circle 12 inches diameter is 113*09 square 
inches, therefore the internal area of columns A must be 
11309 — 47 = 66*09 square inches, which corresponds 
nearly to a diameter of 9^ inches, giving a thickness of 
metal = J {12 - 9J} = If in. 

The next point to be settled is whether the brick pier 
over this column is strong enough to carry the upper floor 
loads, or if stanchions will be required ; we have done with 
the wall load now. 

o 
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The total weight of the pier has to he taken, 4*4 tons, 
and the second, third, and fourth floor, and roof loads, 
making altogether : 

4-4 + 35 X 3 + 30 = 139-4 tons. 

The sectional area of the pier is only 2*25 feet and there- 
fore quite insufficient to carry this load, or even the roof 
load — ^therefore stanchions must be carried up in tiers ; and 
in the same way stanchions must be used in the back walls 
to carry the floor and roof loads. 

Having fully detailed the method to be followed in 
reducing the columns under the floors as they rise, it is 
unnecessary to occupy space in following it through again in 
connection with the wall stanchions ; but it may be pointed 
out that the back wall stanchions carry no wall load, as the 
wall rises from the foundations, and any doorways and win- 
dows in it are assumed to be arched over with arches of 
which the strength is sufficient to carry the wall above. 
"Where there is not sufficient height for the constimction of 
such arches, lintel girders must be used ; and this is generally 
found necessary in buildings in which the windows are 
carried close up to the ceiling in order to give the best venti- 
lation in the way of releasing the hot air accumulating at 
the top of a room, which if left would, by reason of its 
impurity, sink down again in cooling and so render the air 
in the lower part of the room unfit for respiration. 

At the staircase openings E E, it will be necessary to 
use trimming joists e, to carry the ends of the ordinary 
joists and to have joists at e', e', e', with additional strength 
to take the loads from the trimmers, as well as that from 
the parts of the floor resting upon them. 

The method of dealing with these loads has already been 
shown. 



CHAPTER VIL 

GENERAL ARRANGEMENT OF BUILDINGS. 

There are two very distinct classes of buildings, those 
which have internal walls to act as ties, and those which 
consist of external shells of brickwork filled in with floors 
and staircases carried by constructional ironwork ; in the 
latter case the architect often seeks to tie his walls together 
with metal ties, which may be specially provided for the 
duty, or the main giixiers or floor- joists may be made to 
serve in this as well as in their load-carrying capacity ; in 
the latter case angle-iron cleats are riveted to their ends to 
give them a good wall hold. This arrangement is not, 
however, without its disadvantages on account of variations 
of length due to changes in temperature. The variation of 
temperature during the year in England is, in exposed 
localities, about 81 degrees Fahrenheit, and this corresponds 
to a variation in length in wrought iron and mild steel of 
about one inch in one hundred and fifty feet of length. If 
no provision is made to allow for expansion and contraction, 
it is evident that a stress must be put upon the end bearings 
of the girders, and the magnitude of this stress will be 
considerable ; a variation of 27 degrees Fahrenheit in cast 
iron, or 13 J degrees in wrought iron, produces a change of 
length equivalent to that accruing from a direct stress of one 
ton per sectional square inch of the girder or joist, and if 
the ends are solidly built into the brickwork, the stress 
must come upon the walls, tending to push them out or pull 
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them inward, according to whether the temperature is rising 
or falling. 

The structural iron work within a building will not be 
liable to such extremes of temperature as occur in the open 
air, but a variation of 54 degrees may be expected, and if 
the girders were fixed when either extreme of temperature 
obtained they would be capable of causing a stress of 4 tons 
per sectional square inch when the other extreme is reached. 

Any ordinary or even extra strong wall must yield to 
this. In the example taken in Chapter VI. the main gir- 
ders carrying the floors were 18 in. deep by 7 in. wide, 
used in pairs placed close together ; the sectional area of 
one girder this size is 24*67 in., and therefore one pair 
would be capable of exerting a stress equal to 24*67 X 2 X 
4 tons = 197*36 tons. A variation of temperature of five 
degrees would cause a thrust or pull of 18*3 tons, so it is 
very obvious that if the girders have their ends actually 
keyed into the walls the latter must yield and move with 
variations of temperature. 

When expansion of the girders is occurring, it may be 
taken up by distortion or lateral bending, but during con- 
traction an absolute pull will come upon the walls, which 
cannot be relieved from it, if the wall holds of the girder 
ends fit in the walls ; for instance, if holes are sunk in stone 
templates to receive the girder cleats, and these are then 
run in with lead or cement, the girders cannot work their 
ends loose, and the wall will be constantly worked inward 
and outward with the changes of temperature. In the sixty 
feet nm of the girders the extreme variation of length will 

be T^^ = 0*4 in., and taking this to be divided between 

the two walls, the movement of each would be one-fifth of 
an inch. If the cleats are built into the brick walls only, 
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it is probable that they would soon work loose to this 
extent, and so cease disturbing the walls, though they would 
yet serve to prevent them from falling outwards from any 
other cause so long as the cleats hold. 

If the metal joists and main girders are buried in con- 
crete of a non-conducting character, extremes of temperature 
will fail to reach them except in the case of a long-continued 
conflagration, when, if the main girders become so hot as to 
yield under their load, the cleats on their ends will be a 
source of great danger, because through them the walls of 
the building will be pulled in and the structure will thus be 
caused to collapse. 

In designing any kiud of building we must consider what 
is likely to happen in case of the place taking fire. It can- 
not be said that any structure is absolutely fire-proof, stone 
will crack and fly to pieces, wrought iron and steel will 
become red-hot and bend, letting down the floors they are 
designed to cany, and cast-iron columns and stanchions will 
melt with the same result. 

It is very evident that the best way to reach a practically 
fire-proof system of construction is to design one in which 
the metal elements of the structure are automatically cooled 
by draughts of air flowing continuously around them. 
There are several systems in which this is aimed at and 
carried out to a greater or less degree ; so long as the fabric 
can be kept cool there is no fear of its failure, although a 
fire may be consuming its contents, but there is a limit to 
the time that concrete encasements will exclude the heat, 
and some concretes are not suited for the purpose at all, 
having combustible substances in their composition. 

There is an old saying that heat goes upwards, and this is 
true, but not by any means the whole truth, for it also 
descends, therefore the top of a floor should have as much 
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protection from heat as the underside ; numbers of cases 
have occurred in which a fire has attacked the top floors of 
buildings and burnt them right out to the basements. 

All the rooms in any large or important building should 
be so constructed, that anyone of them can be isolated from 
the others, and the staircases should also be contained 
between walls by which they are shut off from the rooms, 
so that if a fire break out it may be confined to the room in 
which it originates. 

In floors where the joists are all of iron or steel, the cost 
will depend very materially upon the planning of the work, 
and in most structures, whether public or private, the ob- 
servance of economy of cost is a prime consideration. 
Taking into consideration, in the first place, the different 
qualities of British and foreign rolled joists, I will point 
out by a few examples how differences of price compare with 
relative strengths. The figures quoted on both sides are 
taken from the published tables issued by firms of good 
repute, and refer to joists freely supported at both ends 
and uniformly loaded, the safe load being taken as one-third 
of the breaking weight. Market prices and special quotations 
vary in ways, and under certain conditions, which would 
make any observations based upon specified prices useless 
so far as general application of them is concerned, and I 
shall therefore show the amount of extra strength of joists 
in regard to equal weights, and from this the peimissible 
extra cost may be ascertained. 

In choosing sections, we are tied to those rolled by the 
manufacturers, we cannot specify just what we want ; so it is 
no use arguing one way or the other that a certain section 
is ill-designed, they must be considered as they are. For 
convenience of calculation, the strengths will be taken for 
spans of ten feet. 
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Now, if two rolled joists are made from the same metal, 
and their proportions are exactly similar, then their strengths 
will be in exact proportion to their weights per foot run, so 
that the quotients found by dividing the safe loads by the 
weights would be equal ; from this it follows that by 
dividing the safe loads of joists by their weights per foot 
run we find a series of critical numbers which give the 
relative values of the joists, in fact, they show the carrying 
efficiencies per pound weight per foot run. Taking a 12 in. 
X 6 in. section in each make, the English has a weight 
of 57 lbs. per ft., and carrying strength of 45*79 tons ; the 
critical number is = 4579 -f- 57 = 0*803 ; the foreign 
section has a weight 44 lbs. and safe load 22*1 tons ; the 
critical number is therefore = 22*1 -f- 44 = 0*502 ; there- 
fore for this particular section, if the foreign material is 
worth £b per ton, the English is worth £S. 1 will 
take next the 9 in. x 7 in. section, a very useful one 
where headway is short, but one that is more expensive 
than others on account of the difficulties experienced in 
rolling girders with flanges so wide in proportion to the 
depth. The English section has a weight of 58 lbs. per 
foot ; load 34^53 tons ; critical number = 34*53 -7- 58 = 
0*595. The foreign section has, weight 52 lbs. per foot; 
load 18-8 tons ; critical number 18*8 -r 52 = 0-36L K the 
foreign section is worth £5 a ton, the English is worth £S 5s. 

Now there is nothing approaching this difference in prices, 
and it therefore appears that although foreign steel can be 
delivered in our own manufacturing centres at a lower price 
than that at which we can produce our own material, yet 
the quality of the English steel joists is so much better that 
it is cheaper to use them. 

These are heavy sections, so I will now compare some 
very light ones, 4f in. x li in. English steel joists have, 
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w^eight 9 '25 lbs. per ft. ; load 2*42 tons ; critical number 
= 2-42 -f- 2-25 = 0-261. The foreign section has, weight 
6 J lbs. per ft. ; load 1*24 tons ; critical number = 1'24 -*- 
6 J = 0*180 ; so in this case, taking the foreign steel at £5 
per ton, the English would be worth about £7 5s> 

These strengths, although published, are not guaranteed 
in either case except under special specifications ; in fact it 
would be quite out of the question for any merchant to 
guarantee the strengths of stock-joists, which may come 
from different rollings; joists that are to be guaranteed 
must, as a rule, be specially rolled to order. 

There would be no use in carrying this investigation 
farther, as sufficient examples have been taken to show in 
which direction the advantage lies, so I will now proceed to 
consider the arrangement of floors in regard to the use of 
main girders for carrying the floor-joists. 

For this purpose the floor-joists will be assumed to be 
fixed two feet apart from centre to centre, and to carry a 
total load of two hundredweight per superficial foot of 
floor area. 

Now assuming that the spans of the floors are sufficiently 
great to necessitate or to justify the use of main girders to 
carry the joists, some general principles may be laid down — 
to be subsequently proved — which will help in determining 
the direction of such main girders. 

If the floor load has ultimately to come upon the walls, 
it should be brought there in the most direct manner 
possible, that is, it should not pass through girders un- 
necessarily ; and even if it is ultimately to be taken by 
girders, it should be brought directly to them and not be 
passed to one girder which rests upon another, before 
reaching its ultimate support, if this can be avoided. 

This leads to the axiom that all the ends of floor-joists 
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which can be arranged to rest directly upon the bearing 
walls should do so ; and this is much better for the wall as 
well, because the floor load is then distributed equally along 
it instead of being concentrated at the ends of main girders, 
which in many cases necessitates the building of strong 
piers, or the use of cast-iron stanchions in the walls, thereby 
materially increasing the cost of the structure. 

In Fig. 42, some plans of floors are shown. That at 
A represents a floor 30 feet square ; the point to be decided 
is whether it is cheaper to use steel joists over the whole 
span, or to carry on one or more intermediate main girders. 
Taking the whole span, 30 feet, the load upon each floor- 
joist will be 

= 30 ft X 2 ft. X 2 cwt. = 120 cwt. = 6 tons. 

I shall work all these calculations for English steel joists 
and girdei-s, and use one-third as the factor of safety. It is 
needless to say that I have not space at my disposal to 
work out the strength of every element, and I shall there- 
fore use a table of strengths which I have verified, assuming 
the steel to have an ultimate tensile strength of 32 tons per 
sectional square inch. This would require 8 in. x 5 in. 
joists weighing 34 lbs. per foot run. The width of the 
room being 30 feet, there will be fifteen bays and therefore 
fourteen joists : the bearing to be allowed at each end for 
this span is 9 inches, therefore the total length of each 
joist will be 31 feet 6 inches, and the length of joists for the 
whole floor will be 

31-5 X 14 = 441 lineal feet, 

and the total weight will be 14,994 lbs. It is convenient to 
keep these weights in pounds for comparison. 

If one main girder is used across the centre of the room, 
both span and load on each joist will be halved ; the load 
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will be 3 tons and the span 15 feet. The nett span is less 
by half the width of the main girder, but it is not advisable 
to rely on the edge of the girder flange as the limit of 
span. 

' For the floor-joists, we have to find a section to suit 3 
tons over 15 feet, and this will be satisfied by a 5 in. x 
3 in. joist weighing 13*5 lbs. per foot run. The total length 
of joists will be the same as before, and therefore their total 
weight, 

= 441 ft. X 13-5 lbs. = 5953-5 lbs. 

The load to be carried by the girders is evidently one- 
half of the floor load, which 

= 30 X 15 X 2 cwt. = 900 cwt. = 45 tons. 

This load would require two rolled girders 16 in. x 6 in. 
placed side by side and bolted together ; the weight of the 
two is 136 lbs. per foot run, and the length, allowing a foot 
at each end for bearing, 32 feet ; the weight will therefore 
be 

= 32 X 136 lbs. = 4352 lbs. 

The total weight of the steel-work will therefore be, in this 
arrangement, 

floor joists . • , • 5953*5 lbs. 

Main gprder . . • . . 4352*0 ,, 

10,305*5 „ 

against 14,994 lbs. for joists taking the whole span. This 
shows a saving of metal equal to 4689 lbs., or 31*27 per 
cent. We will now see if any further saving can be made 
by using two main girders, which would divide the floor 
into three equal parts. The effective spans of the floor- 
joists would then be reduced to ten feet, and the load on 
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each to 2 tons, which would require floor joists 4 in. X 
If in., weighing 8-5 lbs. per foot. The total weight of floor 
joists would then be 

= 441 ft. X 8-5 lbs. = 3748-5 lbs. 

Each main girder will carry one-third of the floor, there 
fore the load upon it will be 

= 30 X 10 X 2 cwt. =30 tons. 

An 18 in. x 7 in. rolled girder weighing 78 lbs. per foot 
will carry this with a little margin ; the weight of the two 
main girders will therefore be 

= 2 X 32 X 78 lbs. = 4992 lbs., 
and the total weight of steel work, 

Floor-joists 3748-5 lbs. 

Main girders .... 4992-0 „ 

8740-6 „ 



Which shows a further saving, that over the plain floor 
amounting to 6253*5 lbs. or 41-7 per cent, (nearly). 

The smallest joist on the list is 3 in. x 1^ in., and this 
would carry 1*37 tons over a six-foot span; the floor load 
on a joist of this span will be — 

= 6x2x2 cwt. = 34 cwt. = 1-2 tons. 

So if this joist is used the floor may be divided into five by 
the main girders, of which four would then be required, the 
load on each main girder being 

= 30 X 6 X 2 cwt. = 360 cwt = 18 tons. 

A 15 in. X 5 in. girder weighing 60 lbs. per foot would do 
this work, and the weight of the four main girders would be 

= 4 X 32 X 60 lbs. = 7680 lbs. 
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The 3 in. x 1} i^* joists weigh 5 lbs. per foot, making the 
joist weight 

= 441 ft. X 5 lbs. = 2205 lbs. 

and the total weight of steel work in the floor — 

Floor-joifits 2205 lbs. 

]lklain girder 7680 „ 

9885 „ 

which is in excess of that found when using 4 in. x If in. 
joists, to which we should therefore keep. In working out 
these trials it has been assumed that the most convenient 
depth of main girder can be used without restriction, and 
that the floor joists can run over them, but if there is a 
limited headway the case will be altered, because shallower 
joists must be used or the floor joists must be supported on 
angle-irons riveted to their webs ; if the first, the weight 
of the main girders will be greater. Thus, instead of one 
18 in. X 7 in. girder, we might have to use two 12 in. x 
6 in. rolled girders side by side for each main girder, which 
would then have a weight of 114 lbs., making the weight of 
the two main girders 

= 2 X 32 X 114 lbs. = 7296 lbs. 

and the total weight of steel in the floor. 

Floor- joists 3748*5 lbs. 

Main girder 7296*0 „ 

11044*5 „ 

So in this case the plan with one main girder would be 
cheaper than that with two. 

It is evident that so much depends upon the conditions 
surrounding each case that no general rule can be laid down, 
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and there is no means of avoiding the drudgery of trying 
one scheme after another until the most economical one is 
determined. 

To prevent the projection of the whole depth of the main 
girders below the floor- joists, the latter, instead of running 
over them, may have their ends resting upon angle-irons 
riveted to the webs of the main girders at such a level that 
the top of the main girder is flush with the underside of the 
floor finish, and with the top of the concrete, where a con- 
crete floor is used, or with the top of the floor joists where 
this material is not adopted. The addition of the angle- 
irons will, of course, add both in weight of material and 
cost of riveting to the price of the main girders, and if the 
main girders are flush with the floor-joists on the top sur- 
face there will also be the expense of notching off* the top 
flanges of the latter to allow their ends to butt up against 
the webs of the main girders. There is also another ex- 
pense incurred in placing the floor-joists between, instead 
of upon, the main girders, and that arises from having to 
cut them to dead lengths instead, of using them with the 
mill margin of one inch long or short. 

Where flat ceilings are indispensable, but the floor thick- 
ness is not limited, the joists may rest upon the bottom 
flanges of the main girders, and concrete ridges or sleeper- 
joists, according to the material used, be provided to carry 
the floor finish clear of the tops of the main girders. It 
will not be necessary to joggle the bottom flanges of the 
joists, unless those of the main girders are thicker than an 
inch, as this can be made up in the ceiling material, or by 
concrete, if that is used for the bottom of the floor. 

A floor of a different form is shown at B, Fig. 42. This 
is assumed to be 28 feet wide between the walls, and 90 feet 
in length; and that there is sufficient headway below to 
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allow the introduction of main girders with the floor-joists 
running over them. 

For a workshop or warehouse floor I should not care to 
use any joist of a section less than 4| in. x If in., on 
account of the liability to impact from falling weights, and 
the turning over and over of heavy cases to get them along 
the floor. A packing-room floor is particularly subject to 
concussions of this sort if the goods handled are heavy. 
Under localized loads of heavy machines or large stoves, 
special joists of greater strength must be fixed. 

At a load of 2 cwt. per foot super of floor, and joists 
2 feet apart, the 43 in. x If in. joist will carry over a span 
of 15 feet 6 inches, or it would support a central load of 15^ 
cwt. If the room is divided into six equal bays, the joist- 
span from centre to centre of girders will be 15 feet, and 
this will also be the distance from the centres of the end 
girders to the insides of the end walls. 

The load upon each of the five main girders c will be 

= 28 X 15 X 2 cwt. = 840 cwt. = 42 tons. 

A rolled girder 20 in. x 8 in. weighing 90 lbs. per foot will 
carry this load with a slight margin. Now arises a ques- 
tion whether any economy will result from putting columns 
under the main girders, as shown at G, By so doing both 
load and span are halved, and the strength of the main 
girders is to be determined for a span of 14 feet and a load 
of 21 tons. A girder 10 in. x 6 in. weighing 43 lbs. per 
foot will meet the case, this would save in girder-weight 47 
lbs. per foot, which, taking the girders as 30 feet long, will 
save on each girder, 

47 X 30 = 1,410 lbs. 
Suppose the height of column required to support the girder 
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to be 14 feet and its diameter 6 ins., then by the formula 
already given its breaking resistance per sectional square 
inch will be, as 

"^ = F5 = 2« = rfW = ''■'' *""• 

+ 400 

and taking six as a factor of safety, the working stress 

12-16 „^^, . , 

s = — ^ — = 2*02 tons per square inch. 

The load on each column will be 21 tons — one-half of each 
load on the spans on either side — therefore the sectional 
area of the columns will be 

21 

"o" = 10*5 square inches (nearly). 

This would only require the thickness of i inch of metal, 
but in such a position I should not make it less than i inch 
thick ; this will make the sectional area 12*37 square inches, 
and as a bar of cast iron one foot long weighs 3*2 lbs. the 
weight of the column will be, 

= 12*37 X 3*2 = 39*68 lbs. per foot of length. 

For a rough estimate three feet may be added to the length 
to account for the cap and base, and the total weight of 
the column will be, by this method, 

17 ft. X 39-58 lbs. = 672*86 lbs. 

There is not very much difference between the cost of 
columns per cwt. and that of rolled girders, so in this case 
there would be an evident saving by using the columns. It 
may be convenient to carry the girders (7 right across in 
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One length, as by so doing they foim ties to steady the 
columns, and their own deflection is very materially reduced, 
but there is no gain in strength, the maximum moment of 
stress being the same as it would be if the spans were 
separate and free, but instead of occurring at the centre of 
the span it accrues immediately over the supporting central 
column. If the girder is not continuous, its two parts 
should be joined over the column by cleats riveted on to 
the ends of each — one on each side of the web — and then 
bolted or, preferably, riveted together by their free limbs. 

Care is to be taken to avoid all labours that are 
not absolutely needed, for the cost of executing these in 
builder's ironwork is very heavy ; this is due, in a great 
measure, to the discontinuity of the work. If holes have 
to be drilled at considerable distances apart, and only a few 
of them in each piece of work, each hole must necessarily 
cost a great deal more than if a great number of holes are 
to be drilled in close succession ; the expenditure in labour 
is proportionately excessive, for the lifting and lowering of 
a girder to drill one hole in it costs as much as if twenty 
were drilled. 

Drilling on the site of the structure is yet more expen- 
sive, because the drilling tackle has to be shifted for each 
hole, and the positions in which the work has to be done 
are often very awkward. 

If it is decided to use columns, which in this case show 
a saving in the main girders c, we can effect a further saving 
by running the main girders longitudinally from « to « as 
shown at D, In the plan 0, only one-sixth of the floor 
load passes directly on to the walls, and that sixth is re- 
presented by the load passing from the end bays //, on to 
the end walls. 

Now, if the longitudinal girders are adopted, and the 

P 



210 CONSTRtJCTIONAL IRON AND STKEL WORK. 

floor-joists run across the building, as shown at Z>, one-half 
of the floor load passes directly on to the side walls, and 
the other half is taken by the longitudinal main girders on 
to the columns. 

Each span of the longitudinal girder will be 15 feet, 
reckoning from centre to centre of columns, and the floor- 
load upon each span will therefore be, 

15 X U X 2 cwt. = 420 cwt. = 21 tons. 

This is the same load as that on each span of the main 
girders c in plan C, but it has to be carried over a larger 
span — 15 feet instead of 14 feet; this will require a some- 
what heavier section, but it is supplied by the maximum 
weight rolled of 10 in. x 6 in. girders, which is 48 lbs. per 
foot run. 

I will now compare the weights of the transverse main 
girders with those of the longitudinal girders, allowing one 
foot bearing on the walls in each case. 

The weight of the transverse girders would be 43 lbs. per 
foot, therefore five, each 30 feet long, would weigh 

5 X 30 X 43 lbs. = 6450 lbs. 

The longitudinal girders will in all reach a length of 92 feet, 
so their weight will be, 

92 X 48 lbs. = 4416 lbs. 

As the span of the floor-joists is reduced the same section 
can be used as in the former case, that is 4f in. x 1} in. 
There is therefore a clear saving in weight of main girders 
amounting to 

6450 - 4416 = 2034 lbs., 

something over 3H per cent, of the total weight of the main 
girders. 
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While dealing with the matter of using appropriate sec- 
tions for difTerent loads, I must not omit to point out that 
these are not always immediately procurable ; the medium 
or normal sections are kept in stock by the manufacturers 
or their agents, but if the maximum or minimum weights 
are required they must be rolled for the purpose. If the 
order for one such section is large, say twenty tons, the 
manufacturers may put the rolls in specially ; if not, the 
purchaser must wait until the rolls go in to fill a number of 
orders sufficient to cover the expense of changing the rolls. 
Time is generally an object in these matters, and therefore 
it is very frequently necessary to use such joists or girders 
as can be bought out of stock ; in regard to minimum sec- 
tions, this matters only to the extent of the extra weight, 
and therefore cost, of the stock sections ; but if a maximum 
weight of any particular section is required and cannot be 
obtained, we must use the next normal section above it. 
For instance, if the 10 in. X 6 in. girder referred to above, 
at its maximum weight of 48 lbs. per foot run, cannot be 
obtained, a deeper one must be used. 

In all structures of small extent, especially where there 
are many different spans of floors, the architect should 
design his floors to suit such " stock " sections of joists as 
are easily obtainable ; this he can do without difficulty, as 
manufacturers and merchants are always willing to furnish 
architects and builders with their section sheets and books 
of strengths ; for alterations of sections after the plans and 
elevations are completed will almost always cause a dis- 
turbance of floor levels and lead to a good deal of trouble, 
and perhaps serious error. 

If columns or stanchions have been cast to measurements 
suited to the use of girders ten inches deep, and it is found 
afterwards that the nearest section prociurable is twelve 
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inches deep, either the columns must go to waste or the 
building must rise two inches more at each storey where 
the girders occur, than was originally intended. 

If neither columns or stanchions are used the incon- 
venience is not so serious, especially if the necessity of the 
alteration is discovered before the stone templates are fixed 
to receive the main girders, as then it will only mean that 
the main girdera must project two inches lower beneath the 
ceiling than was originally intended, unless it is thought 
desirable to give the extra height to the building required 
to retain the clear headway first decided on. 

It is obviously much more economical to use deep rolled 
girders than shallower compound ones, but as circumstances 
frequently require the adoption of the latter, a simpler way 
of finding what plates are necessary to make up a certain 
amount of strength is now shown. 

Suppose a girder is required 30 feet span to can-y an 
equally distributed load of 60 tons, and let two 16 in. x 6 in. 
rolled steel joists be used with flange plates riveted on the 
top and bottom. 

The safe load on the 16 in. x 6 in. joists will be, at one- 
third the breaking strength = 43*2 tons, this will leave to 
be taken up by the flange plates 60 — 43*2 = 16*8 tons. 
The safe resistance of the steel flange plates may be taken 
at 10 tons per sectional square inch, then, proceeding in 
exactly the same way as with any other built-up girder, the 
sectional area of each flange at the centre of the span must 
not be less than — 

W X I 16'8 X 30 _^ . . 

Sx^X. = SxUxlO = ^'^^ «^^^'^ '""'^^'^ 

This is the nett sectional area required, and the loss by 
rivet holes in the flanges of the rolled joists must be made 
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up in the plates. The rivet holes will be f inch in diameter, 
and the thickness of flange of the joist where the rivet 
holes will occur is 0.82 inch, the loss from two rivet holes 
will be = 0*75 X 2 x 0-82 = 1*23 square inches, so the 
net sectional area of flange plate must be = 4*72 + 1*23 
= 5*96 square inches. A plate 12 inches wide by J-inch 
thick would give this, but to make up for the rivet holes 
in the plate, another 1^ inches must be added to the 
width, making it 13^ inches. The width in practice would 
be 14 inches, and the thickness i inch. These flange plates 
need not necessarily be carried the whole length of the 
girder, for where the moment of stress drops to that which 
the rolled girders can carry unaided, the flange plates may 
terminate. The safe load for the girders without the 
plates being 43*2 tons distributed, the maximum moment 
corresponding is — 

TF X I 43-2 X 30 



8 8 



= — 162 foot-tons. 



There being a load of 60 tons upon a girder of 30 feet 
span, the load per lineal foot is 2 tons = w ; then, by the 
formula previously given the moment of stress M at any 
point distant a; feet from either point of support is — 

2 2 

The values of M and I are known, being 162 and 30 re- 
spectively, so the equation becomes 

- 162 = X*' - 30 X. 

This is an incomplete quadratic equation, to be treated in 
the usual way, thus— 

a? - 30aj + (15)* = - 162 +(15)' = - 162 X 225 = 63. 
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Taking the square root of each side of the equation, we 

get 

a; - 15 = + \/63 = ± 7*937 

a; = 15 + 7-937 = 22*937, or 7*063 feet. 

To prove this it is as well to check the result by the formula 
forM — 

M^zx" ^lx= (7-063) 2- 7-063 x 30 
= - 162*004 foot-tons. 

The excess -004 is due to dropped decimals. Working with 
the second value of x— 

M=zx'' - lx=: (22*937)2 - 22*937 X 30 
= — 162 feet-tons. 

The length of flange plates required will therefore be equal 
to the total span of the girder, less twice the lower 
value of Xy 

= 30-2 X 7*063 = 15-874 feet; 

the plates would be made 16 feet long. 

In this matter of cutting off the plates at the points where 
they are not required, another trouble sometimes occurs. 
If the floor-joists are carried on the top of the girder, they 
must have a level bed throughout, and therefore the spaces 
between the ends of the flange plates and the ends of the 
span must be packed to take the floor joists ; and in most 
cases it will be more economical to carry the plate on the 
top flange through the whole length of the girder. 

The rivet heads throughout the top flange should be 
countersunk flush with the top of the flange plates, so 
that they may not foul the ends of the floor joists. 

Where machinery in motion is carried upon the floors, 
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special precautions are to be taken to prevent the vibration 
of the machine from putting a racking stress upon the steel- 
work of the floor. 

So far as the wrenching stresses are concerned, these 
will be taken up by a solid plate or framing, upon which 
the machine is fixed, so that no stress is put upon the steel- 
work of the floor except that arising from the weight of the 
machine, and the general vibration due to the motion. 

The introduction of special joists or girders to carry 
concentrated local loads leads up to the circumstances 
under which combinations of girders may be used, arranged 
so that one may afford relief to another. 

The simplest case is shown by a girder having a normal 
span of considerable length, but which has under its centre 
another girder at right angles to it and partly supporting it, 
in common language, taking part of the load off it. Suppose, 
for instance, there is a space 40 feet long and 12 feet wide, 
with a heavily loaded girder running longitudinally along 
the centre, and that no supporting columns can be put 
under it, but a transverse girder under the centre is 
admissible. There are two ways of using this, making the 
longitudinal girder in two lengths, so as to throw half the 
total load upon the centre of the transveree girder; or, 
carrying the longitudinal girder across in one length, and 
so making use of the strength of its section over the central 
auxiliary girder. In the first arrangement the transverse 
girder becomes a bearing girder, not an auxiliary one, and 
it is treated in the usual way as a girder loaded at the 
centre. The primary girder in the second case appears 
under conditions approaching those which obtain with a 
continuous girder of two spans, but these are not reached 
because the central support is elastic, and therefore allows 
a central deflection of the primary girder. 
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The nicety of calculation in this combination turns upon 
the point that it is not only the absolute strengths of the 
primary and auxiliary girders which must be proportioned 
to the respective shares of load to be carried by each, but 
their sections must be so proportioned, the material is to 
be so disposed on each side of the neutral axis, that under 
these relative loads the deflection of both girders at the 
point of connection shall be normally equal, otherwise the 
stresses will not be properly apportioned, and we shall not 
know how much load is apportioned to each element. 

If, for instance, it is desired that the relieving girder 
shall pick up one-third of the total load, its section must be 
so proportioned that with that central load its deflection 
shall be equal to that of the primary girder under two- 
thirds of the total load distributed. Now, although we 
may not be able to ascertain the exact modulus of elasticity 
of the metal, yet we may fairly assume that if both the 
girders are made from the same working of iron or steel, 
that the modulus will be the same for both of them, and 
this being so, the laws of deflection will become practically 
applicable ; these laws, as demonstrated in a previous 
chapter, show that : — 

The deflection varies directly as the load and as the cube 
of the span of the girder, or length of the cantilever, and 
inversely as w, where m ^zhd^ — h' d'^ — &c. — 6". d^\ It 
also varies inversely as the modulus of elasticity, which is 
included in the constants given for each class of work. If a 
girder carrying a uniformly-distributed load is partly sup- 
ported at the centre, the deflection at that point will be the 
total deflection due to the uniformly-distributed load, less a 
deflection (upwards) due to the sustaining force at the 
centre. This I have proved by experiments. If, for 
instance, there is a girder 30 feet span, loaded with 20 tons^ 
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and the value of m is 44,000, the central deflection under 
this load will be — 

n JFP 20 X 30» Ao'7>« • I. 

^ = rrs — = T7-5 JT-T^T^ = ^*274 mch. 

44*8 m 44-8 X 44,000 

If there is a supporting force in the centre of the beam 
equal to 6 tons, the deflection equivalent to this would be — 

i> = ^=6><3^= 0-131 inch. 
26 m 28 X 44,000 

Hence the actual central deflection of the beam will be — 

0-274 - 0.131 = 0-143 inch. 

The point of maximum stress will not be at the centre 
of the span, the curve of stress being, as it were, caught up 
there. 

Let I = span of girder in feet. 
Let w = load in tons per lineal foot. 
Let E = reaction at one point of support. 
Let P = upward sustaining force at centre of girder. 
Let if = moment of stress in foot- tons at any point 
distant x feet from the nearest end support. 

On each end support one-half of the total load, less one- 
half of the central force P, will act ; therefore. 



and. 



p _ w.l P 



1^ WT? T> WX"' Wlx . Px 



We will now find the points of maximum stress. When 
this is reached and the moment about to diminish we may 
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imagine an indefinitely small increase of x during which 
the moment of stress remains constant; here, then, the 
increase of the positive quantity must be equal to that of 
the negative quantity ; let, then, x become x + a^ a being 
indefinitely small ; then — 

itf=:| {x+ a)^ + ^{x +a)^''-d.{x + a) 
^"^ {7? + 2ax^-a') + ^{x+a)^ 'lA (x + a). 

The quantity a being originally very small compared 
with 2;, the quantity a^ is so much smaller that it may be 
neglected ; then the increase of the positive quantity is — 

, Pa 

and that of the negative quantity, 

w.La 

— r~'' 

equating these, we have, 

^ . P a IV L a 
u\a,x+ — = -^~ ; 

therefore, 

w.L a Pa I P 



X = 



2w,a 2 w, a 2 2w' 



which is the value of x corresponding to the maximum 
moment of stress. 

Suppose, now, a uniformly-loaded girder, to be assisted 
by another girder of similar section placed immediately 
beneath it, and supporting it at the centre, the deflections 
would be equal ; what would be the relations of the maxi- 
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mum stresses upon them 1 The maximum stress upon the 
second girder will be at the centre of the span, where the 
load comes upon it, and the moment of stress there will be, 

- II 
4 

The deflection of this girder will be — 

28 m 

Let W =^ w,lf then the deflection at the centre of the first 
girder will be — 

• 41*8 m. . 28, m- • 
But these two deflections must be equal, therefore ; 

wJ' PV FP 



and. 



whence, 



44-8 m 28- m 28- m 

44-8 w Urn* 

P = 0-3125 w. I 



The maximum stress upon the unjformly-loaded girder 
will be — 

jjf - !L / 1 - Z.Y - i^^ X /'I ^-^\ 

~2\2 2w} 2 ^2 2 to/ 

, P ( I ^ \ - i (pi ^-^ ^\ 

+ 2- v"2 ~ 2^; - * V'^ — r 21^; 

the maximum moment on the second gii-der is — 
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If r = the ratio between these moments, then — 






M' ' 2P 2wl 

If it is desired to divide the load in any particular manner 
there are two ways in which it may be done — one, by 
interposing some element between the girders so that their 
deflections are not equal ; and the other, by making the 
girders of different sections so that the value of m is not the 
same for both. 

Let it be required to keep the maximum stress per 
sectional square inch the same for both girders. 

In the first instance, let some intermediate girder be 
used, so that the deflections of the two girders are not 
necessarily equal ; then, if the sections are kept alike, the 
maximum moments must be equal. 



therefore. 



PI 

4 


JT.l F^l _ PI 
8 &IV 4 




P = 0-268 fr. 



The intei'posed element must, under the load P, have a 
deflection equal to the difference of the deflections of the 
two principal girders. 

For the second case I will assume, for simplicity of treat- 
ment, that solid rectangular beams are used, and that their 
deflections are to be equal. It is evident that the force P 
must produce half the deflection, as a central load, that the 
load ^ would cause equally distributed. 
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Let D^ = the actual deflection of the two girders, then — 

2 ^ 44-8 m' ' 
also, 



28 m' 
equating these we have, 



89 -6 • m' 28 m ' 

where m' refers to the uniformly-loaded girder, and m to 
the auxiliary centrally-loaded girder, then — 

28 fFm = 89.6 Pm\ 

Some ratio between W and P must be decided upon or 
else one between m and m\ 

Let P = ^ ; then 



therefore. 



28 W.m- 89-6 l^w'; 



89-6 m' T ^ , 
m = — — - — = 1*6 m. 

56 



But the same stress per sectional squai^e inch is also to 
be kept. The maximum moment of stress on the first 
girder is, 

"4 8 8/r 

_m _ fFi _ jn _ _ wi 

""8 8 32 32 
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The maximum moment of stress upon the second, or 
auxiliary girder, is — 

4 8 

The moment of resistance of the auxiliary girder must 
therefore be four times that of the first girder, or — 

s ,b ,d^ 4. 5. b/ d^ 



and 8, the stress per sectional square inch, must be the same 
for both, therefore, 

6 3 

and, 

bd' = 4:b'd:' 

It has been shown above that to satisfy the conditions 
stated, 

m = 1*6 m' ; 
therefore, 

6 ^ = 1-6 V d\ 

Hence, as equals divided by equals are equal, 

bd" ^b' d'^ ' 

whence 

d z= 0-4 d/ 

I will take an example to illustrate this. Let the span 
of the first beam be 6 feet, and the distributed load 1*2 tons. 
Then P = 0-6 tons. 
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The maximum moment of stress upon the first girder^ — 
TFl 1-2 X 6 X 12 



32 32 



= 2*7 inch-tons. 



The multiplier 12 is used to reduce the span, which is given 
in feet, to inches. On the second girder, 

M=- ^ =- 1-2 X ; X ^^ = 10-8inch.tons. 

8 o 

The moments of resistance must, of course, be equal to 
these moments of stress; therefore, if 5 = 4 tons, and 
&' = 1 inch, 

8. y cT _ 4:h'(P _ 2.d'^ 
6 6 3 

therefore. 



= 2-7 inch-tons ; 



rf'^ = ^ = 4-05 inches, 



and d' =: V4'05 = 2-012 in. ; d = O'^d' = 805 in.; 
bd' = ^b' d"" ; therefore, 

I = h^ = '""LV' = 25 inches. 
dr 0-648 

If these deductions are correct, the calculated deflections 
of the beams should be equal ; in the first beam, m' = 8*145, 
and 

89-6 m' 89-6 X 8-145 
For the second beam, m = 13041 ; and, 

56 m 56 X 13-041 

This proves the accuracy of the formula deduced from the 
previous investigation of the question. 
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This inquiry shows that, under certain circumstances, 
auxiliary girders may be used with advantage practically, 
but cannot often be used in builder's ironwork to give the 
economy which they would indicate. 

The matter of deflection is one of primary importance in 
buildings on account of the nature of the load earned. De- 
flection in a railway bridge is of no consequence — assuming 
that it is within the limits of safety — a train passes over 
and causes deflection during its passage, after which the 
bridge resumes its normal form ; but deflection to any ex- 
tent in a domestic or a public building will cause a ceiling to 
crack, and therefore become unsightly, or if it occurs in a 
girder carrying a wall, the bond of the brickwork will 
become broken, and the stability of the wall endangered. 

. The object, then, of the auxiliary girder is to stiffen the 
primary one, and it may with advantage be practically re- 
garded as halving the span of the latter. In point of fact 
the maximum stress on a continuous girder of two equal 
spans is equal to that on a free girder of half the length, but 
it occurs over the central support instead of in the centre of 
the span, and the load on the central support is greater 
than half the total load on the two spans. 

The points of contra-flexure on each side of the central 
support are, under a full load, distant one-quarter of the 
span on each side, and this accords with a pressure on the 
central supports equal to flve-eighths of the total load on the 
two spans, and for this the auxiliary girder should be 
calculated. 

Although no weight is saved by making the girder con- 
tinuous instead of in two separate spans, there is a gain in 
stiffness, the deflection in the former case being about two- 
fifths of that in the latter. 

In the case referred to of a girder 40 feet long, between 
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supports, being relieved by a secondary girder 12-feet span, 
under its centre the maximum central load upon the latter 
will be five-eighths of the total load on the former. Let the 
load upon the primary giixier be 1*5 tons per lineal foot, 
then the central load, which cannot be exceeded, on the 
secondary girder will be — 

= 40 X 1-5 X -^ = 37-5 tons. 

o 

A rolled girder 12 in. x 6 in., weighing 57 lbs. per 
lineal foot, gives a working strength — at one-third the 
breaking weight— of 38 1 tons distributed over the length; 
therefore two of these, side by side, would carry the same 
central load ; they should be bolted together at the centre, 
as there is almost sure to be a tendency to spread apart 
laterally. 

The maximum stress upon the primary girder cannot 
exceed that which would be brought upon a girder 20 feet 
span by an equally distributed load of 30 tons. 

A rolled steel girder 15 in. by 6 in., weighing 61 lbs. 
per lineal foot, will carry — at one-third the breaking 
weight — 30*41 tons, so this will serve the purpose almost 
exactly. 

The different ways in which girders may be arranged to 
act together are innumerable, but it is unnecessary to 
multiply examples because, when the general principles upon 
which such combinations are based are understood, their 
application to any particular case becomes obvious. 

In arranging the iron and steel work for a building, the 
circumstances under which it will be erected must bo 
kept constantly in mind, and also the nature of the locality 
and the means of access to it. If the roads leading to the 
site are bad or very steep this will impose a limit upon the 

Q 
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Bize of the pieces to be carried, and in one case we may 
be compelled to make a main girder in separate spans, 
whereas in another, where the carriage is easier, the girder 
may be made in a continuous length. Where the work is 
to be executed in a town of which the streets are narrow, 
there is also the question of turning the girders round to 
get them into the building to be considered. 

The re-building, or altering the internal arrangements, of 
old premises often presents a problem of complicated aspect, 
which becomes further involved when restrictions are put 
upon the contractor to prevent any cessation of business or 
inconvenience to customers during the alterations. 

The very heavy loads which are concentrated upon 
columns and stanchions must in all cases be spread beneath 
them to cover sufficient surface to reduce the pressure per 
foot super to that which the subsoil is capable of support- 
ing. This is not so simple and easily settled a matter 
as it looks at first sight ; the varieties of foundations are 
unending, and their proper adaptation to the duties re- 
quire! of them is vital to the permanence of the super- 
structure. The stratagems resorted to to obtain firm beds 
are as numerous as the qualities of the materials encoun* 
tered ; a shingly river-bed has formed a good foundation 
for a bridge when enclosed on each side by piling so as to 
form a coffer- dam, and loose sand has been made into a 
solid mass of concrete by injecting cement into it. On 
some of the foundations in Westminster and near the river 
side there is a load of over four tons per superficial foot. 

The strength of a foundation depends upon the strength 
of the material used and upon the way it is bedded ; the 
fact of a certain stone possessing a given resistance to 
compression does not take into account stresses due to 
hollow bedding, from which slovenly work I have known 
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very thick and strong sandstone to split across, causing a 
drop in the superincumbent floors. 

The first cracking of the material shows the limit of 
its resistance so far as practical use is concerned, and al- 
though in many experiments a general ratio of one to 
two has been found for the cracking compared with the 
crushing load, this is by no means universal. From some 
special experiments made a few years back the following 
results are found for the average resistance of some varieties 
of bricks — they are given in tons per square foot : — 

Cracked. CroBhed. 

Becessed red brick — ^Moraud^s machine . • 86*8 161*6 

Wire-cut „ „ Porter's „ . . 1C4*5 2281 

Beceseed top and bottom red brick — 

Scholefield* 8 machine 120*9 192*4 

Wire-cnt red brick — Johnson's machine . . 125*8 233*0 

Bed brick ground in mortar mill . . . 143*9 . 200*3 

»> » pugged in pug mill , , , 92*7 163*2 

„ „ Bulger's machine .... 109*6 220*4 

Becessed reddish brick — Notts Brick Company 152*1 204*9 

Smith's red brick 46*5 64*2 

CSowlej's stock brick 43*4 56*6 

Burham gault brick, wire-cut . . . 75*6 114*9 

Blue Staffordshire brick 136*3 254*7 

Oldham red brick . . . • • . 71*0 144*0 

The average crushing resistance of Portland cement at 
different ages has been ascertained to be : at three months 
old, 240 tons per square foot ; at six months, 339 tons ; and 
at nine months, 443 tons. How these figures are used must 
depend upon the length of time which will be allowed to 
elapse between the laying of the cement and using the 
building in the construction of which it is employed. 

The strength of the brickwork will not necessarily be 
equal to that of the bricks of which it is composed, but there 
is no reason why it should not be if the joints are true and 
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are perfectly filled, especially if cement is the material used 
in making them. On this subject, as in so many others 
connected with the building trade, we have unfortunately 
little or no information of a scientific character to guide us. 

If a pier is built of blue Staffordshire bricks truly made 
and with the joints accurately filled up with Portland ce* 
ment, there is no logical reason why its cracking strength 
should fall short of that of the brick itself, and any tendency 
of the pier to split by the separating of the bricks is re- 
sisted by the tenacity of the cement between them. Then 
if six be taken as a factor of safety, and working from the 
cracking — not the ultimate — resistance, such a pier should 
safely support 22*7 tons per square foot of horizontal area. 
To obtain such results extra cost must be incurred, for the 
best workmanship must be secured, and for this the closest 
and most faithful supervision will be required, so for 
ordinarily good work we should not risk putting more than 
half this load upon it. It may, however, be observed that 
as a smaller pier properly built will be more reliable than 
a larger one carelessly thrown together, what is expended 
in workmanship may be saved in material. 

Very careful supervision should be exercised over all 
the materials brought upon a job, and in nothing must this 
be more unceasing than in regard to mortars, cements, 
and concretes, which afford great facilities for the introduc- 
tion of rubbish to make up bulk. Coarse mortar may con- 
sist of one part lime to four of coarse gravelly sand, or 
crushed ballast. Fine mortar : one part lime to two or 
three of sharp river sand. Lime concrete : one part limo 
to four of gravel and two of sand. Hydraulic mortar: 
one part of blue lias lime to two-and-a-half of burnt clay 
ground together ; or, one of blue lias lime to six of sharp 
sand, one of puzzolana, and one of calcined ironstone. 
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Cement concrete : one of cement to six parts of burnt 
ballast, broken stone, or gravel. For many purposes con- 
crete made of cement and furnace slag, or mill cinders, is 
largely used, but I should not use it for foundations ; and 
in all cases the materials mixed with the cement must be 
free from loam, mud, fine sand, clay, or any kind of dirt. 
All bricks, stones, and the like, to be used with Portland 
cement, should first be thoroughly soaked in water, and the 
materials, both for mortars and concretes, should be 
thoroughly mixed dry before the water for combining them 
is added. 

The crushing resistances of stones commonly used in 
buildings, in tons per square foot, are as under : 



Aberdeen grej granifce 


. 700-0 


Compact limestone . 


. 495-0 


Cornish granite 


. 900-0 


Purbeck . 


. 602-2 


Mount iSorrell . 


. 822-4 


Anglesea . 


. 487-2 


Arbroath sandstone 


. 506-8 


Portland oolite stone 


. 210-0 


BramleyFall . 


. 388-9 


Craigleith sandstone 


. 339-8 


Caithness 


. 417-2 


Derby grit 


. 200-0 


Bed (Cheshire) 


. 140-4 


Yorkshire paving . 


. 367-3 



The bases of columns and stanchions should be always 
truly faced and the bed-stones worked to a truly horizontal 
surface ; even if it is a little rough the roughness may be 
filled up by a layer of cement. Felt should never be placed 
between the metal and the stone, it will dry in time and 
become dust, and so to the extent of its thickness let the 
column or stanchion down ; for the same reason it should 
not be put under the ends of main girders, or between the 
caps and bases of columns running up in tiers. If the faces 
of the latter are properly faced or planed they will make a 
true and solid joint without any substance being interposed 
between them. 

So far the columns and stanchions which come directly 
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Upon the masonry foundations have been regarded as 
simply resting upon them, which in the majority of cases is 
quite sufficient, as the superincumbent load will prevent 
any chance of displacement. If, however, the load carried 
is light, and there is any possibility of the column being run 
against by heavy vans, its position may be made more 
secure by casting a small projection, C (Fig. 43), on the base, 
which projection fits into a cavity in the bedstone, A. B 
is the lower part of the shaft of the column, and D the top 
of the footings upon which the bed-stone is set. If the base 
of the column is to be faced up in a lathe it will be most 
convenient to make the projection cylindrical. 

When the floors carried by the columns or stanchions are 
subject to violent vibrations, as from the action of ma- 
chinery, some additional steadiness may be obtained by the 
use of holding-down bolts arranged as shown in Fig. 44. 
A is the bed-stone resting upon the footings D, and upon 
it is the base of a stanchion B, held down by bolts C, 
These bolts are screwed at their upper ends to receive the 
nuts F F, under which the base is strengthened by bosses 
cast upon it. The lower ends of the bolts are tapered as 
shown, and tapered recesses are sunk in the bed-stone A, 
just wide enough at the top to admit the widest ends of 
the bolts. When the bolts are put in position the spaces 
E E are filled in with cement, or secured by running in 
melted sulphur. It used to be common practice formerly 
to run these in with lead, but this should not be done, as 
the neck of the bolt will rapidly corrode where it is in 
contact with the lead under the influence of moisture. 

Instead of having tapered bolts to hold the stanchion 
down, " rag " bolts are frequently used. These are of the 
form shown at (r, and have each side roughed to aflbrd a 
hold on the filling material. The amount of steadiness 
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thus secured depends upon the weight of the bed-stone 
and the strength of its connection with the footings 
below. 

If a greater weight must be secured for steadying the 
column, this can be effected by taking the holding-down 
bolts through the footings'as well as through the bed-stone 
as shown at Fig. 45. A is the upper and A' the lower part 
of the foundation shown, broken across to save space. Be- 
fore putting in the foundation, bolts C C, long enough to 
reach through the foundation and the base of the stan- 
chion £, are put in position, and have resting upon their 
heads E E, stout washers D, of cast or wrought iron, 
above which the foundation is built, sufficient play being 
allowed around the bolts C C to admit of their exact ad- 
justment at the top to the holes in the base of the stanchion, 
which is secured by nuts F F, Light cranes are frequently 
attached to columns and stanchions, and if in such a case 
there is no great permanent load on the top some such 
means of obtaining stability must be resorted to. If the 
foundation is made with a few courses of brick in cement 
at the bottom, and then carried up in concrete, the bolts 
must be surrounded by wooden tubes to prevent the concrete 
from rigidly enclosing them ; when the foundation is carried 
up to its proper level the holding-down bolts may be se- 
cured in their exact positions, and the spaces round them 
filled in by running in cement before putting the stanchions 
in place. 

The matters connected with the foundation being satis- 
factorily and finally settled, we turn our attention to the 
superstructure. If a start is made with the building before 
the plans and sections are absolutely completed, trouble will 
commonly arise in connection with the staircases, or their 
landings, or both, When tjie ijkel^tou of a building is 
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mainly of iron or steel, the stairs should bo kept in a sort 
of well running from the bottom to the top floor ; by taking 
this coui'se jibs and cantilever trimming joists are avoided, 
and in most cases the staircase can be constructed inde- 
pendently of any iron or steel work ; but if this is not prac- 
ticable, the landings may be so arranged as to be carried by 
girders running across the well and taking bearings in the 
walls on each side, and if carriages are required to support 
the ends of the steps, these can run from one landing girder 
to the next above or below, as the circumstances require, 
but the joints between the carriages and landing girders 
should be rigorously vertical or horizontal, to prevent the 
possibility of a thrust being brought upon the latter. The 
connection of the carriages to the girders is often a trouble- 
some and unsatisfactory matter when the former are of rolled 
iron or steel, but this difficulty may be avoided by using 
cast-iron carriages, which may be made with ends suited to 
any kind of connection that may be necessary or expedient. 
In Fig. 46 is shown a staircase trimming, in plan, in 
which a jib must be used. This jib, B B^ may be strong 
enough if its wall-hold at the end D is sufficient to counter- 
act the loads brought upon it by the joist F and by the 
trimmer C B, If not, the trimmer C B must be strongly 
fixed to the joist F, as shown by the section C C\ The 
trimmer C B ia taken as a rolled joist 6 in. x 5 in. double 
cleated into the joist F. There will be two bolts C, one on 
each side of the trimmer C B ; these bolts will show an in- 
sufficient strength to resist the stresses put upon them by CB^ 
therefore a tie-plate G ^ must be used to connect the top flange 
oi C B with the joist F, and this joist must also be 6 in. 
X 5 in. section to afford room for the bolts connecting the tie- 
plate G G with its top flange. No connecting-plate is required 
OQ the bottom flanges ^s there will only be a thrust there. 
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The effect of the jib load will be to exert toi'sion on the 
joist F. The end of the trimmer B C is notched on the 
top and bottom flanges and double cleated to the jib D B. 

If the jib can be made the continuation of a girder 
passing through another room its stability will be insured, 
and then an ordinary joist, or at most a 6 in. x 3 in. joist, 
single cleated at each end, may be used in place of the 
6 in. X 5 in. cantilever B C, and for the span shown a 
6 in. X 3 in. joist will be sufficient for F, and 4f in. x H in. 
for the joists -4 A, 

Fig. 47 shows a horizontal section of a wall A B, with 
the flues C C C in it ; these may be flues from fire-places ; 
or fresh or foul-air flues required for purposes of ventila- 
tion ; but, unless the walls or piers in which they are formed 
are of unusual thickness, the brickwork in the line oi G 
in front of the flues will not afford sufficient length of bear- 
ing for the floor joists F F\i the width of the room is 
considerable, and as such flues mostly occur in the walls of 
hospitals, technical schools, and other large public build- 
ings, the rooms will often require joists of 20 to 24 feet 
span. The best course to pursue is to trim round the flues 
as shown. The joists F F are kept short and their ends 
run into a trimmer E E, carried by joists D J9, made 
stronger than the ordinary floor-joists to carry the extra load 
brought upon them by E E, This load will not, however, 
augment the stress upon the joists J9 D to a very great 
extent, on account of the close proximity of the bearings of 
the trimmer upon the joists to those of the latter at HH on 
the wall A B, To arrive at some idea of the difference of 
strengths required between the ordinary joists Fy for we 
should not lessen the section for the slight reduction of 
span where they run into the trimmer E E, and the 
trimmer joists J) D, an example may be taken. Let the 
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width of the room be 24 feet, and the distance apart of the 
joists 2 feet from centre to centre. The floor is assumed to 
be of solid concrete or some other cognate form of fire- 
resisting floor, weighing i cwt. per superficial foot, and the 
live load taken as IJ cwt. per superficial foot, making alto- 
gether 2 cwt. per superficial foot. The area of floor carried 
by one joist will be 24 x 2 = 48 square feet, and the load 
at 2 cwt, per square feet =4*8 tons equally distributed. 
An 8 in. x 4 in. English steel joist, with a breaking tensile 
resistance of 28 tons per sectional square inch and weighing 
28 lbs. per foot, gives, at one-third the breaking weight, a 
resistance equal to 5 1 tons equally distributed, so that 
would be the section chosen for the ordinary joists F, 

Assuming the projection of the brickwork containing the 
flues to be 9 inches, the distance of the centre of the 
trimmer E E from the face of the wall will be one foot, 
therefore the span of the two ordinary joists coming upon 
it will be 23 feet only ; for this difference we should not 
alter the size of the section, the load upon each will be 
23 X 2 X 2 cwt. = 4*6 tons, and of this one- half goes 
upon the trimmer at two feet from its nearest support J9, 
and therefore the maximum moment of stress upon E E =• 
2 '3 X 2 = 4*6 foot-tons, and the trimmer being 6 feet 
long ; the equally distributed load to produce an equal maxi- 
mum moment of stress is thus found — 

o o 

therefore 

^_ 8 X 4-6 ^ 6.13 tons. 
6 

A joist 6i in. x 2 in. weighing 12 lbs. per foot nin, gives 
sufficient strength, but the bearing on its lower flange 
would be less than one inch, and it would be necessary iu 
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all cases to cleat in the ends of the joists F F, but if an 
8 in. X 4 in. trimmer were used there would be nearly two 
inches bearing, and cleating could be dispensed with in 
floors in which a permanent centering is used, such as the 
"Fawcett" floor, but if plain concrete is used the ends 
referred to must be cleated. 

The labours put on joists are so expensive that it would 
be cheaper to use the heavier joist as a trimmer if the 
cleating can be saved ; in fact, as prices are at the time of 
writing, the cleating would cost nearly twice as much as the 
extra weight in an 8 in. x 4 in. over that in a 5i in. x 2 in. 
joist. Of course, the joists cannot move laterally when 
fire-clay or terra-cotta lintels or permanent centres are 
placed between them and so determine their spacing. 

We now come to the trimmer joists D D ; each of these 
has to carry its own normal load of 4*8 tons equally dis- 
tributed and the concentrated load . brought upon it by the 
trimmer E F, which is one-half of the total load on the 
latter, or 2*3 tons at one foot from the bearing H. The 
amount of load thrown upon the bearing at the other end 
of joist D by the concentrated load will be 

?^?-^ = 0-096 ton. 
24 

4-8 
The load per lineal foot on the joist = -^r = 0*2 ton. 

Let X equal the distance of any given point in the joist 
d from the bearing on the wall opposite A By and M 
the moment of stress at that point, then, 

M = !^ - ^^4^ - 0-096 X 
2 2 

= Q-^X^ - Q'^ X 24 X 0^ ^ Q.Q9g^^ 
2 2 

= 0-1 X a? — 2-496 x 
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The value of x which gives the maximum moment of 
stress must next be found. From the point of maximum 
stress it will commence decreasing in each direction, but we 
may imagine two points taken infinitesimally close together, 
so that no appreciable difference occurs between them ; let 
a be an indefinitely small increment of x ; then 

M = 0-1 {x + af - 2-496 {x + a) 
— 0-l(x2 + 2xa + 0") — 2-496 (x + a). 

As a is taken indefinitely small, a\ which will be much 
smaller, may be disregarded, then 

0-1 {x^ + 2a; a) — 2-496 {x + a) = 0-1 a? - 2-496aj; 

subtracting 0-1 ar^ and — 2-496 x from each side of the 
equation, we have 

0-2 xop.a = 2-496 a ; 

whence 

X = 12-48 feet. 

Replacing x in the general equation by this value the maxi- 
mum moment of stress is found, 



M= 0-1 X 12-48 - 2-496 X 12-48 
= — 15-575 foot-tons. 

To find the equivalent distributed load this is equated 
with the general formula for the maximum load due to the 
latter, thus 

^r.K^K^. ^-. _ ^^^ X 24 

therefore, 

fT = 5-19 tons. 
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The section adopted for the ordinary joists, 8 in. x 4 in., 
has a sufficient margin of strength to suffice for the joists 
D D also, but had the trimmer E E been a little farther 
from the wall A B this would not have been the case ; so, 
although the calculation seems unnecessary in this example, 
yet it should always be made, nothing in connection with con- 
structional work of any description should ever be guessed 
at, and it is not often that two exactly similar cases occur. 

The expense of the trimming may be saved by building a 
joist into the brickwork at (r 6r' as shown in section at 7. K 
is the flue and L the brickwork in front of it, and into 
this is built a joist M^ to receive the ends of the joists F 
and spread their loads along the brickwork. The objec- 
tion to this is that it interrupts the vertical continuity of 
the wall, for if the part L is sufficiently thin to require it, 
it will occupy all the thickness, and it would really be 
better to put a strong stone sill from GioGin the position 
which the joist M would occupy. 

The grouping together of a number of air-flues or chimney- 
flues is generally awkward where the floors are carried by 
iron or steel joists — unless their courses have been con- 
sidered and absolutely settled before the floors are set out, 
and this is another strong argument against letting con- 
tracts on uncompleted plans. If any difficulty arises, 
neither the builder or the contractor for the steel and iron- 
work will be prepared to stand the loss ensuing, and the 
architect will be slow to certify for extra payment, although 
the variation may have been due to the inadequacy of his 
contract plans, because his client will be annoyed at the 
growing cost of the stmcture, and the result is delay and 
an antagonistic disposition between the diflerent trades — 
and why ? — the answer is simple, because the whole work 
was not in the first instance designed under the direc* 
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tion of a man who understood all the branches of his 
business. 

It would be practically impossible for one man to plan 
the whole of a large and complicated structure personally, 
and also to prepare the details of each part ; but he should 
have the mental capacity to grasp the whole matter when 
the details have been prepared by assistants, and to notice 
at once any incongruity which may have arisen from the 
very necessity of having different individuals to detail 
different parts of the work ; and without this " hitches '' of 
greater or less consequence must occur during the execution 
of the contracts. 
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CHAPTER VIIL 

IBON AND STEEL BOOBS AND TRAPS. 

There is a good deal of iron and steel work used in 
buildings which, although it is not, strictly speaking, con- 
structional work, must be considered in the general arrange- 
ment of the structure ; it cannot be left without danger of 
inconvenience for after-consideration. 

Iron doors for separating different parts of a warehouse 
in case of fire are of the greatest importance, as on their 
construction and arrangement the fate of a large block of 
buildings will often depend. An ideal fireproof building is 
one in which the contents of one room having become 
ignited, that room can be so closed in that those contents 
will burn away without transmitting through the walls or 
floors sufficient heat to ignite the materials in adjoining 
rooms, or will smoulder out through lack of air to maintain 
combustion. If all access of air is cut off, the fire, in the 
case of ordinary merchandise, will soon be brought under 
control; in warehouses where drugs and chemicals are 
stored it is a different matter, and a great deal also depends 
upon the heat-generating capacity of the substances con- 
sumed. 

Next to explosives — which cut the matter short by 
blowing the building to pieces — inflammable liquids are the 
most difficult to provide against, and the more volatile the 
greater the danger. 
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If we knew the particular kind of conflagration which 
would be likely to occur in any given building, especial 
precautions might be taken, but, as matters stand, this can 
hardly be ascertained, and therefore the best we can do is 
to guard against every probable danger. 

Although there has been a general idea among the ignorant 
that fire must work upward, yet a study or even common 
observation of fires in buildings shows that it will spread in 
any direction ; it will commence in the basement of one 
warehouse and if not checked bum up to the roof, and from 
thence burn downward through the next warehouse, and 
where the contents are liquid, or easily liquefied, the rapidity 
of progress is such that the whole structure is enveloped in 
flame in a marvellously short time. 

The isolating doors are of two sorts, those in the walls 
and those in the floors, generally termed trap-doors. 

Doors in walls will first be considered : these are of two 
classes, sliding doors and hinged doors. Whichever class 
of door is used the requirements are the same ; the door 
must resist a very high temperature without buckling or 
shrinking away from its surfaces of contact with the walls 
and floor ; it must admit of opening and closing with freedom, 
and so fit that it will not allow a draught of air to pass 
under or around it into a room in which a fire has started, 
nor let a flame pass outwards from such a room to the next, 
nor must the heat pass through it in such intensity as to 
extend a conflagration. 

Very little consideration is required to show that to 
secure the last efficiency the doors must be fitted in pairs 
with some space between them, for when a door has become 
red-hot its radiant heat will speedily inflame some kinds of 
merchandise, but if this heat has to cross three or four feet 
of air it will take a long time to heat the second door 
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sufficiently to become dangerous. Heat-resisting paints and 
compositions are useful in this connection, for although it 
may be cracked off the door next to the fire by the expansion 
of the metal, or even burnt off, that on the face of the 
opposite door will protect it from becoming hot for some 
time. 

For air and flame-tight properties the sliding door 
possesses the advantage that when closed all its edges are 
surrounded — assuming that it is properly designed — with- 
out any adventitious arrangements, but the hinged door 
must have some mechanical appliance to close the space 
between its lower edge and the floor, as if this were done by 
a ledge for the bottom of the door to press against, such 
ledge would be a source of inconvenience, and perhaps 
danger to customers passing from one department of a large 
business house to another, and such considerations are of 
the first importance among a trading community. 

For these doors iron is to be preferred to steel, because 
its melting-point is much higher, and therefore it will hold 
out longer. In fact I have never heard of a case where 
wrought iron has been liquefied in a conflagration, although I 
have seen some in which the cast-iron columns have yielded 
to the heat in that way. 

These warehouse doors, as usually made, present in front 
elevation the appearance shown at A, Fig. ^48. D is a 
vertical section in the line F F. The front elevation might 
pass for that of a wooden door, but the construction is 
widely different, and not in favour of the iron one. The 
stiles and rails B B, B' B\ C C C, are flush riveted to a 
plate E, which forms the whole back of the door- this 
plate, for ordinary sizes, is one-quarter of an inch thick, 
and the stiles and rails three-eighths of an inch thick. The 
striking diff^repc^ between this door apd a wpoden one is 
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that there is no connection of the stiles and rails to each 
other at the places of contact a ; if the plate-back tends to 
warp, the pseudo-joints a open, and in fact the frame only 
acts as local stiffening. For this reason a door running 
between grooves is safer than a hinged door shutting into a 
rebate, because the grooved channels at the top and bottom 
of the door will prevent its buckling at those edges. 

An iron door may, however, be made with a continuous 
frame, so to speak, by riveting rails and stiles on behind, as 
shown at Gy Fig. 49. The rails K K K stretch right across 
the back of the door, and so tie the stiles B Bin front ; the 
back stiles L L make the back framing flush. The dotted 
lines M M show the positions of the front stiles B' B\ 

At / is shown a vertical section of the door on the line 
B. Hy the same letters being retained for the front-framing 
as are used in Fig. 48. It may be objected that the weight 
is materially increased by the addition of the back-fram- 
ing, and the point to be decided is whether the additional 
security is worth the extra cost. The weight need not 
bo so very largely augmented ; it is not necessary to make 
the rails and stiles so thick when they are fixed on both 
back and front of the plate Ey as when they are on one 
side only. There will be nearly 50 per cent, more holes 
to punch or drilJ, but the number of rivets will not be 
increased, so there will be no extra cost for riveting. 
The construction of the door itself need not be affected by 
the manner in which it is to be hung, but the fittings 
will be entirely different for a sliding door from those for 
one that is hinged, as will also be the grooves or rebates 
into or against which they are designed to close. In all 
cases the edges of the doors should be planed true. 

In Fig. 50 are shown the fittings required with sliding 
doors. ^ ^ is a horizontal section which shows in plan 
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the grooved iron in which the bottom of the door slides, 
and in section the jambs C and D and the closing flap E. 
An extension G forms a sill to the doorway, and is let 
in flush with the cement finish of the floor. 

The object of the flap E is to close any slight opening 
between, which may occur between the back of the door 
H H' and the jamb D, This flap is carried by a bottom 
pin /. shown in the detail L, and it is steadied by a similar 
pin which takes into a hole in the top guide-iron of the 
door. Around the lower pin is a spiral spring K^ of which 
one end is attached to the pin and the other to a casing, and 
tension is put upon it in fixing, so that it will tend to re- 
volve the flap E in the direction of the arrow M, While 
the door HE is in the position shown, that is, open, the 
flap is held back by it, but when the door is closed and its 
front edge run into the recess F in the jamb (7, the flap E 
will close over the back edge iT, and prevent the passage 
of flame between it and the jamb D. The spring K will 
prevent the flap from being forced open by a draught in- 
duced by fire in front of the door. The groove in which 
the door runs will seldom exceed one inch in width, even 
with doors with back and front frames, but it is advisable 
to have a bar to drop into this groove when the door is 
opened for the day, not only to prevent the chance of any 
one tripping over it, but also to exclude anything which, by 
falling in and lodging there, might cause delay in closing 
the door when sudden emergency calls for it. In case of 
fire time is the first consideration, and although the pro- 
perly fitted bar can be lifted out in a fraction of a 
second, a substance accidentally lodged and perhaps 
jammed into the groove might cause the loss of several 
minutes during its removal, thus allowing a free current 
of air through the doorway in either direction. 
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Doors of this description are carried upon small wheels 
or runners attached either to the top or bottom of the 
door. If top suspension is used, a flat bar M M is fixed 
to the wall over the door by bolts or studs, and distanced 
from the wall by pipe packings on the studs to allow 
room for grooved wheels N N to run upon the edge of 
the bar ; the studs are shown at 0, &c. 

The wheels N N run upon bolts S, which pass through, 
and are held by, straps P. The upper parts of these straps 
are bent over, as shown, to afford holds for the bolts on 
each side of the wheels which run upon them as dead 
centres. The lower ends of the straps F are securely 
riveted to the stiles of the door, as shown. 

If the door is to be carried upon bottom runners, the 
sill G must be extended to G\ and runners T T, Fig 50a, 
fitted to dead centres U U, The runners will be plain 
on the edges and the sill flat. One dead centre is shown 
in detail at V, ^ is a section of the lower part of the stile 
and plate of a single-framed door, and into this the stud U 
is flush riveted as shown, the riveted end being turned or 
swaged down from the solid, so as to give a firm hold to 
the body of the stud. The other end of the stud is turned 
to form a bearing for the runner Ty and a shoulder is 
formed at the bottom of the threaded part, on which the 
nut Y is screwed to prevent the nut from jamming the 
runner. These studs should be carefully made, for if the 
runners do not move freely, the door may " stick " at a 
critical moment with very serious results. 

The top and bottom grooves, and the jambs C and D, 
require to be of neat and true sections ; they are best made 
of rolled iron or steel, but if such sections cannot be ob- 
tained, these parts must be cast, and on several occasions I 
have seen the work so executed in a very satisfactory 
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manner. Of- course, a very superior quality of cast iron is 
required in such cases. The attachment to the wall must 
be perfect, for the jambs must be on the face to allow the 
door to slide back when opened. Kibs R R may be built 
into the wall, or they may serve as return sides to protect 
the edges of the door opening, and the jambs secured by 
rag-bolts built into the walls with screwed ends project- 
ing to pass through lugs, of which one is shown at Q, 
Nuts on these ends secure the jamb C, but for the jamb 
D there must be cast on it some thickened bosses to 
allow room for countersunk nuts. 

In Fig. 51 are shown some fittings required for hinged 
doors. A B \^ 2i horizontal section of the door, which 
shuts into rebates D D, formed by riveting together two 
bars of different widths, and securing them in the usual 
way to the sides of the doorway. The door is supported 
by a pintle C, which passes through a floor-plate, and has 
an extension H, the use of which will be subsequently de- 
scribed. At the top of the door, and in the same axial line 
with the pintle 0, is another one passing into a hole in a 
top plate to keep the door in its proper position. The 
pintles are forged on to tangs L, which are riveted or 
bolted to the back stile of the door. If additional strength 
is required, another tang, shown by dotted lines at M, can 
be forged on the pintle and riveted or bolted to the bottom 
rail of the door. As the bottom edge of the door must 
clear the floor to allow of its closing easily, there will be a 
small space to be closed by some kind of a flap ; this is 
supplied, in the example shown, by a revolving threshold 
E E, which has a chequered top surface to afford a foot- 
hold. E^ is a transverse section of the revolving threshold, 
shown in the position it occupies when the door is open, 
and E" another section showing it as it appears after the 
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door is shut. At each end of the threshold is a pin i\ 
which is supported in a bearing in the floor-plate, and upon 
these pins it can turn freely. There is a recess in the floor 
in which this piece works, and a rib iV closes it when the 
part E' is again at the door. The mode of operating the 
threshold automatically is as follows : — 

At the end of the threshold nearest the hinge of the door 
is a tail-piece K, and on the extension H of the bottom 
pintle of the door a cam-piece /, firmly fixed on at right 
angles to the surface of the door ; when the door is being 
closed this cam-piece presses against the tail-piece K^ and so 
causes the threshold to revolve upon its bearings through a 
quarter of a circle, and close the space between the bottom 
of the door and the floor, as shown at E'\ The cam-piece / 
may have a spring upon it to keep the threshold pressed 
close against the door. 

If a hinged door has a considerable width of opening 
there will be a tendency to rack and buckle at the free 
edge, or even to take a twist, and this calls for a different 
arrangement of framing from that shown in Figs. 48 and 
49. Instead of having central vertical stiles, a strut A B, 
Fig. 52, is used, placed diagonally, so that the framing acts 
as a bracket. The strut A B holds up the front stile C 
through its connection with the plate D, 

If the door is high as well as wide, it will be advisable to 
have two struts on the face, as shown by E E, Folding 
doors should not be used where single ones can be intro- 
duced, as they are liable under great heat to warp apart at 
the meeting line. This can only be avoided by having an 
ample supply of locking bars, and this occupies a good deal 
of time in fastening up and unfastening. 

In Fig. 63 A is the plan of the top of a trap-door ; B the 
plan of the underside ; and C D is sl vertical section taken 
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along the line g g. The critical difference between vertical 
doors and traps is that the latter, if they occur in floors, 
have to carry a working or live load in addition to their 
own dead weight. 

The top of the trap is formed of a chequered plate to 
give a foothold, and to its underside is riveted an angle- 
iron frame e e e e, which is made by notching out the angle- 
iron at each corner, and then bending it to an exactly rect- 
angular form and thoroughly welding up the comers, so 
that th^ frame shall be quite solid throughout. If the load 
upon the trap is light, a margin e' e! is left round the angle- 
iron to form a lip, which rests upon the bearing when the 
trap is shut ; but if heavy loads are to be anticipated, the 
frame is to be made with the flat limb of the angle-iron 
outwards, as shown in section at K^ in which the angle- 
frame e itself rests upon the bearing angle-iron i. In the 
section (7 2> it is the edge t! of the plate that brings the 
load on to the bearing-frame i t. The construction of the 
bearing-frame is the same in both cases. 

To support the transverse stress one or more tee-irons / 
— according to the size of the trap and its shape — are 
riveted on the underside, all rivet-heads on the top being 
of course kept flush with the surface. 

The bearing-frame is made of two angle-irons riveted 
together, one being rather shallower than the other, in 
order to form a rebate for the trap to drop in. The 
outer and deeper angle-iron A A is fitted to the floor, 
being bolted to joists or girders or let in cement or con- 
crete according to the mode of construction adopted in 
building. The construction of the trap will not be altered 
if it is hinged on to the opening, but in that case the 
hinges must be so placed that their rivets pass through 
the horizontal limbs of the frame ee e e. 
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If the trap-door is intended to be fire-resisting it should 
be made double, as shown partly in section at L. The 
top plate m, and bottom plate Uy are both riveted to a 
frame o, made of Zed iron. If there are any cross- 
bearers, such as /, these must be riveted on to the top plate 
m before it is riveted on to the Zed iron, which having 
the plate n previously riveted on to it will cover in the 
whole. The space p between the plates may be filled in 
with slag-wool, or other non-conducting material. 

For the purpose of getting hold of the traps to raise 
them, sunk handles or bars for hooks may be fitted, and 
to form the recesses for them holes will have to be cut in 
the top plates and recessed castings bolted on to the under- 
side, and in the recesses the rings rest, or the bars are 
formed. 

It is sometimes found necessary to have hook holes in 
vertical iron doors, but wherever this is the case they must 
be furnished with dropping shields to cover the holes auto- 
matically directly the hook is removed. A hinged door 
can, of course, have a handle on each side of any form that 
may be fancied, but any ordinary handle on the back of a 
gliding door would foul the jamb in opening, and if the door 
slides into a wall it cannot have a projecting handle on 
either side. 

To insure keeping the edges of the door and trap- plates 
true they should be — as they are usually only quarter inch 
thick — pretty closely riveted to the framing, say three or 
four inches pitch, the rivets being half-inch to five-eighths 
in diameter, flush riveted both sides. 



CHAPTER IX. 

SPECIFICATIONS AND QUANTITIES. 

In connection with every work of importance the architect 
should prepare a specification and a schedule of quantities 
for the prices to be filled in by persons invited or permitted 
to tender for its execution. 

The specification is a most important document, and if 
one is not supplied the contractors are left entirely in the 
dark as to the strength and quality of the materials to be 
supplied, and each can use his own discretion in these 
matters. This is not fair to any one, and it certainly does 
not tend towards obtaining the best class of work. The 
principle of letting competing contractors design the con- 
structional metal-work themselves is a very fallacious one, 
as, in the keen quest of business, some may be tempted 
to cut down the strength to a point which leaves the 
durability of the work very doubtful, and the architect 
moreover ought certainly not to have to depend upon the 
manufacturers for the execution of the professional part 
of the work — that connected with the designs. 

In Chapter I. I have given the qualities of various 
materials obtainable, but it appears to be advisable to 
point out the strengths generally suitable for the class of 
work under consideration, with the view of embodying it in 
a specification which shall also deal with the quality of the 
workmanship. The following clauses may be of assistance 
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in framing different specifications, although they may not all 
be required in any one. 

Cast Iron. — All cast iron to be of such quality as to 
show a grey fracture and not to break with a less tensile 
stress than 7 tons per sectional square inch. A bar of 
the cast iron, 3 feet 6 inches long, 2 inches deep, and 1 inch 
wide, is not to break with a less central load than 21 cwt. 
when resting upon supports 3 feet apart. Two test bars 
are to be made with every cast for transverse testing and 
two bars for tensile testing. The latter shall be planed 
down to exact dimensions, and all of them tested as the 
architect shall direct. All columns and stanchions of cast 
iron to be faced at both ends truly parallel, and the rough 
sand surfaces rubbed smooth with coke, or otherwise, after 
which each casting shall receive one coat of red oxide paint 
before leaving the works, another coat of paint being ap- 
plied after the column or stanchion is fixed, the colour of 
the second coat to be decided by the architect. The faced 
ends of the castings are to be smeared with a mixture of 
white lead and tallow to keep them from rusting before the 
work is fixed. Holes for connection bolts to be drilled out 
truly and in exact position where so indicated on the draw- 
ings ; other bolt holes may be cast in. All cores in columns 
to be so stiffened by core-bars and studs as to insure a uni- 
form thickness of metal all round. All faces for the connec- 
tion of brackets, cast-iron bracing bars, or other cast-iron 
work, to be truly planed, and also the faces which come in 
contact with them. All castings of every description to be 
cleanly made to the dimensions shown on the drawings, and 
to be free from blowholes, sponginess, cinder, scales, cracks, 
or other defects. Should any part of any casting break off, 
a new part is not, under any circumstances, to be " burnt " 
on if such part cannot be satisfactorily attached with bolts 
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or screws a new casting must be made to replace the 
damaged one. No wrought-iron sheets or plates are to be 
cast in the thickness of any column. 

Wrought-iron plates, flat bars, angle, tee, and channel- 
iron to have an ultimate tensile resistance of not less than 
21 tons per sectional square inch with the grain and 18 tons 
across the grain, with elongations before fracture of 12 per 
cent, and 9 per cent, respectively in a length of eight inches. 
A plate or bar J inch thick is to admit of being bent double 
cold without breaking. When a bar or plate is broken it 
shall show a fibrous fracture free from sparkling places and 
from cinder or scoria. JRivet-iron to show an ultimate ten- 
sile strength of not less than 24 tons per sectional square inch, 
and a shearing resistance of not less than 20 tons per sectional 
square inch, and an extension of about 10 per cent, in eight 
inches. 

Wrought-iron Built Girders. — All the plates, bars, 
covers, and joint-plates to be made of the sizes marked upon 
the drawings, and with the number, size, and position of the 
rivets in each part exactly as shown. The edges of the web 
plates are to be truly planed (not chipped or filed) after they 
have been straightened and any winding taken out, in order 
that they may meet each other and the inside surfaces of 
the flanges accurately and make close joints. The flange- 
plates are to be carefully straightened (or if for a curved 
girder bent to the required curve) in proper straightening 
rolls, and if the flanges are more than 12 inches wide, or 
consist of more than one layer of plates each, then the edges 
of the plates are to be planed to bring them to the same width 
to fit together properly. The ends of the plates that meet to 
form a joint are to be accurately planed at right angles to 
the length of the plate to insure uniform bearing through 

s 
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out the surfaces of contact. This particularly refers to the 
upper or compression flange, and will also apply to the 
bottom flanges of continuous girders. 

All joggles in angle, tee, and other bars are to be accu- 
rately formed — preferably by hydraulic pressure — to fit 
over the parts of the work on which they lie, and all ends 
to be fitted to the parts against which the}** abut. 

All packing pieces are to be fitted to the spaces they are 
intended to fill, and where necessary the edges are to be 
planed to prevent their appearing beyond the edges of the 
parts between which they are interposed. All rivet-holes 
are to be drilled out of the solid, or punched i of an inch 
less in diameter than the finished size, and broached out to 
the finished size in a broaching machine. Where automatic 
drilling or punching machines are not used, the rivet-holes 
must be set out with centre punches from templates accu- 
rately made, and the holes made with " nipple " punches. 
After the holes have been broached out to full size, the 
sharp " arrises '* on the edges must be removed by an obtuse 
hand-drill. Where flush or countersunk headed rivets are 
necessary the countersink is not to be deeper than one- 
third of the thickness of the plate, and the angle of counter- 
sink is to be 45 degrees to the surface of the plate. 

The rivets used are to have cup heads of a height not less 
than three-quarters of the diameter of the body of the 
rivet, and the diameter of the finished head is to be nearly 
twice the diameter of the rivet. 

The rivets are to be thoroughly closed by hydraulic 
riveters, and sufficient length of point must be allowed to 
fill the rivet-snap, and prevent it from indenting the plate ; 
if any collar forms around the rivet-head from excess of 
metal, this collar is not to be cut ofl; 

In such riveting as must be done by hand, through th§ 
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position precluding the use of the hydraulic riveter, the 
rivets are to be made etxra hot and riveted up without 
loss of time, to insure the filling of the rivet-holes and 
proper contraction of the rivets after the heads are formed. 

Bolts and Nuts. — All bolts used for connecting parts 
having drilled or broached holes, are to have turned bodies ; 
those that are used for castings having holes cast in them 
may be left black. The heads of the bolts to be not less 
than three-quarters of the diameter of the bodies in thick- 
ness, and two diameters in width across the angles, the nuts 
to be equal in thickness to the diameters of the bolts, and 
to two diameters across the angles. The threads on the 
bolts and in the nuts are to be cleanly cut — not squeezed 
up in dies, and by taps — so as to give the full strength of 
the metal, and as a test of this any bolt may be taken from 
a parcel and drawn asimder in a machine which grasps the 
head and the nut ; should the head pull off, or the nut strip 
the thread off before the bolt tears asunder, that parcel 
of bolts may be rejected at the option of the architect. 

Wrought Steel plates, flat bars, angles, tees, and 
channels, to have an ultimate tensile resistance not less than 
27 or more than 30 tons per sectional square inch, with an 
elongation before fracture of 18 per cent, in a length of 10 
inches ; plates and flat bars up to J inch thick to bear bend- 
ing double cold without breaking. Fracture of plates or 
bars when broken to show homogeneous texture. 

Wrought Steel Built Girders. — The clauses for 
wrought-iron built girders apply also to those made of steel. 

General Suggestions.— In the above clauses I have 
given a scanty outline of a specification for good work, but 
ee^ch undertaking will require special treatment, to cover 
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every condition by which it is affected. We cannot close 
our eyes to the fact that, if money is limited, and the best 
work cannot be afforded, the specification must be relaxed 
to meet this contingency, and the most expedient course 
to follow under such circumstances is to save where possible 
in labour, not in the quality or strength of material. 
Constructional iron and steel work in buildings is usually 
encased in concrete or plaster, or built in brickwork, or con- 
cealed by cornices, and therefore rough edges do not meet 
the eye after the building is finished, and so where girders 
of the built type are to be covered in, the edges may be left 
unplaned — but the ends of the plates meeting at joints 
must be true for the sake of strength. The lengths of 
bolts for connecting ought, in every case, to be carefully 
ascertained, and the proper lengths applied in the proper 
places, otherwise a rickety joint is the result, but there is 
no saving in money, and there is risk of accident after. It 
has often happened that when a labourer has been left to 
do a mechanic's job, and he has picked up a bolt too long 
for the connection he has to make, that instead of taking 
it out and finding one of a suitable length, he will put 
several washers upon the bolt, to allow the nut to get a hold 
on it, and these washers by no means fit the bolts. Now 
the plainest common sense will show that a bolt so fixed 
has no hold upon the work at all, one washer may slip one 
way, and another in some other direction, like a broken 
puzzle, hidden perhaps in concrete, but leaving a joint un- 
made. Therefore it may be well to introduce into the 
specification a clause to the effect that " no washers shall 
be used under either the heads or nuts of bolts connect- 
ing different jmrts of the work together, and the bolts shall 
be screwed sufficiently far up to render the use of washers 
unnecessary." 
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Oast-iron columns and stanchions should, wherever it ii 
possible, be oast vertically, but it is obviously useless to 
Bpecify this if there is no foundry in the neighbourhood 
in which it can be carried out. As a matter of fact, the 
great bulk of such castings for builder's work is cast in 
a horizontal position, and then the only care that can be 
taken is to have a good head, in which the spongy part may 
be taken up ; and under such a system of casting, columtiii 
should never be Used when stanchions will serve the pUb 
pose as well. 

When the floor is to be of concrete, and the girders and 
columns or stanchions are to be encased, a clause should 
be inserted in the specification to the effect that no con* 
creting or encasing is to be done until the architect, or his 
representative, has inspected the joints of the stanchions 
and the main girders, and certified that they are in accord- 
ance with the general specification. 

This inspection rests as a rule with the clerk of the works, 
for it is not possible for the architect to exercise personal 
supervision over all the works he has designed ; it is therefore 
of the first importance that the clerk of the works should 
be a man who has a general knowledge of constructional 
iron work, as well as of all the other trades employed upon 
the building. Such a man is independent of the con* 
tractors, and is worth Sj, salary that will put him beyond 
the temptations of presents or their equivalents. 

There is commonly specified a time for maintenance of 
work after its completion, and this may lead to some com- 
plications if the clause dealing with it is not clearly defined, 
for the question of sub-letting of contracts enters into it. 

The foundations, brickwork, masonry, and carpentry, 
together with the finishers* work, may be let to a general 
contractor, and the constructional ironwork independently 
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to another contractor, or the whole work may be let to 
the general contractor, who sublets the constructional 
ironwork, and any special floors which form part of the 
design. 

The way in which the contract is let will very materially 
affect the cost of the work ; for instance, if the general 
contractor sublets the ironwork he must have his profit on 
it, but if the ironwork is made a separate contract, the 
general contractor's profit is saved, as money is always to 
be saved by avoiding the middle-man. 

There may be an idea that trouble is saved by putting 
the whole responsibility of the execution of the work in a 
satisfactory manner upon one man or one firm, but this any 
competent architect should ignore, because the responsi- 
bility really rests upon him as the designer of the work, 
and he can certainly do better for his clients by dividing 
the contracts in regard to builders' work and engineers' 
work, than by letting the latter be a sub-contract under 
the former. 

Estimation of Weights. — Simple and accurate methods 
of calculating the weights of the materials used are indis- 
pensable to the constnictional engineer and architect. The 
data for arriving at the required results are very copiously 
supplied by books of tables which give the weights per foot 
run for some classes of material and per foot super for 
others, but it does not always happen that such tables are 
at hand, and then it becomes necessary to calculate the 
weights without them. It happens very fortunately that 
the only data to be committed to memory are remarkably 
simple ; a bar of wrought-iron 1 in. square and one yard 
long weighs ten pounds, which is also the weight of a square 
foot of wrought iron i in. thick. Mild steel weighs two per 
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cent, heavier than wrought iron, and cast iron is about five 
per cent, lighter — if it is good grey iron— but this will vary 
with the different qualities, and may be less or more. In 
rough castings the rounding in the internal corners adds to 
the weight, and it is practically accurate enough to calcu- 
late them as if they were wrought iron. Small brackets, 
stiffeners, and other such appendages of castings may be 
taken out in cubic inches ; one cubic inch weighs 0*262 lbs. 
If, then, there is a run of uniform section in wrought or 
cast iron, the weight per lineal foot will be found by multi- 
plying the sectional area in square inches by ten and divid- 
ing by three ; for example, the weight per lineal foot of a 
wrought-iron bar, 9 in. wide by J in. thick, is required ; the 
sectional area is 9x0*75 = 6*75 square inches, and 

5 =. 22*5 lbs. per lineal foot. 

A few examples will most clearly show how to make these 
calculations in practice. Let the weight be required of a 
Cast-iron Stanchion, as shown in Fig. 54, where ^ is a 
horizontal section, and B a front elevation, C and D plans 
of the cap and base. The stanchion is H section, 15 ft. 
high and 9 in. by 9 in. in the shaft ; the cap is 1 5 in. 
square and the base 18 in. ; these are both 1 J in. thick, and 
the rest of the work is 1 in. thick. Stiffeners F occur 
every 3 ft. of the height, on both sides, to strengthen the 
stanchions against twisting or lateral yielding of the 
flanges H H. For the support of the cap and base 
brackets E and are provided. 

The sectional area of the shaft is 

= 2 {9 X 1} + 7 X 1 = 25 square inches. 
The 7 in. X 1 in. refers to the central web. The Weight 
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per foot s 25 X -^ = 83*3 Ibi. ; and the weight of th^ 

whole shaft c= 83*d X 16 ft = 1260 lbs. A plate 1 foot 
square a&d 1 inch thick is taken as weighing 40 lbs., 
therefore the weight of the base s 1'5 x I'd X H x 40 
fi 112-8 lb8;j and the cap 1*26 x 1-25 x U X 40 == 
78*1 lbs. There are eight stiffeners F^ each measuring 
7 ini by 4 in. by 1 in* thick, so their total weight will be 
gxtx4xlX 0*262 = 58*688 lbs. The overhang of 
the cap is 3 inches each way, so the six brackets will be each 
3 in. by 3 in. by 1 in. ; two of them will make up a 3 in. 
square, so their weight will be = 3 squares ; 3 in. x 3 in. 
X 1 in. X 0*262 = 7*074 lbs* The projection of the base 
is 4J^ in. each way, so the weight of base brackets will be 

= 3 X 4-5 X 4-5 X 1 X 0-262 = 15-916 lbs. 

Adding all these weights together, the total weight of the 
stanchion is found thus : — 
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1620-278 



which is equal to 13 cwts. 2 qrs* 8 lbs* 

The weight of a cast-iron column is made up by the shaf tj 
cap, and base. The sectional area of the shaft is equal to 
the difference in area of two circles corresponding re- 
spectively to the inside and outside diameters of the column j 
the area of a circle is found by multiplying the square of 
the diameter by 0*785, therefore the weight per foot=— if d 
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and dl = the external and internal diameters respectively, 
will be 

= 0-785 {^ - d'^\ X ^ 

Let the external diameter be 12 in. and the metal 1^ 
in. thick, then the internal diameter will be 12 — 2 x \\ 
= 9*5 in., and the weight per foot 

= 0-785 1 12' - 9^'| X ^ = UO-64 lbs. 

If the column is taper the mean diameters may be taken. 
Let the cap and base be plain — any ornamental work being 
screwed to it afterwards — then the area of the inside circle 
must be deducted from each ; let there be four brackets to 
the base and four to the cap running to the corners and 
having heights equal to their projection from the shaft, the 
same as in the stanchion just dealt with. Let the base be 
2 ft. square by li in, thick, and the cap 18 in. by \\ in. 
thick, the brackets being the same thickness as the shaft. 
The column is taken as of the same diameter all the way 
up and 18 ft. in height between the base and cap. The 
weight of the shaft will be 140*64 lbs. x 18 ft. = 2531*52 
lbs. The weight of base = {(24 in. x 24 in.) - (0-785 
X 9-5)} X 1-5 X 0-262 = 190-651 lbs. The weight of 
cap will be = {(18 in. x 18 in.) — (0-785 X 9-5)} x 
1-5 X 0-262 = 99-475 lbs. 

The width of the base across the angles is very nearly 
34 in. and this will give a bracket projection = s — 

= 11 in. ; the cap measures a little over 25 in. across the 

25 12 

angles which gives a bracket projection s = 6*5 in. 

These are to the extreme corners, but the brackets will be 
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Stopped where their sides meet the edges of the base and 
cap, and the extreme comer cut off ; this will make their 
lengths respectively, 10*5 and 6 in., and their weights, 
taking two brackets to form a square, will be : base brackets, 
2 X 10-5 in.- X 10-5 in. X U X 0.262 = 72-213 lbs.; 
cap brackets, 2 X 6 in. x 6 in. X li x 0*262 = 23-58 lbs. 
Summing up these several weights the total weight of 
the column is found. 

Ft. In. Ft. In. Ft. In. Lbs. 

No. 1 Shaft . . 1 dia. X IJ x 18 « 2531-620 
„ XBase . . 2 „ x2 x lj« 190-651 
„ 1 Cap . . 1 6 ,, xl 6 X IJx 99-475 
„ 4 Basebrackets 10^,, x lO^x 1^= 72-213 
„ 4Cap . . 6 „ x 6 X 1^= 23*580 

2917,439 

which is equal to 1 ton 6 cwts. qrs. 5 lbs. 

Octagonal and hexagonal columns are sometimes used, 
and occasionally grouped columns or clustered ; in these 
cases the sectional area is found by measuring along the 
centre of the thickness and multiplying the length so found 
by the thickness. 

The next example I shall take is a Wrought-Iron Girder 
built up of plates, angle-iron, tee-iron and flat bars riveted 
together with rivets J-in. diameter and 4:-in. pitch. In 
Fig. 65, A shows a side elevation, B a transverse section at 
the centre of the girder, and C a transverse section near the 
end where there is only one plate in each flange. The 
length of the girder is 40 ft., its depth between flanges, 4 
ft. ; all the flange plates and the end plates are 18 in. wide 
by i in. thick. The inner tier of flange plates is 40 ft. 
long with a joint near the centre, the second tier is 30 ft. 
long, also with a joint near the centre — these two joints being 
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made by a cover plate 11 ft. long ; the outer tier consista of 
one flange plate 20 ft. long. The angle-irons are 3^ in. by 
8^ in. by ^ in. thick, with one joint in each covered by an 
angle-bar 3 in. by 8 in. by i in. thick, round backed to fit 
into the main angle*iron. The web consists of plates 4 ft. 
wide by f in. thick and 8 ft. long, the joints being brojUght 
under some of the tee-iron stiffeners, which are 6 in. by 
3 in. by i-in. thick and 3 ft. 11 in. long, riveted on with 
each end upon tlie main angle-iron, and having a J^ in. 
packing strip underneath the central part ; these strips will 
be 6 in. wide and 3 ft. 5 in. long to fit between the 
vertical limbs of the main angle-irons. There will also be 
packing strips under the end angle-irons which connect the 
end plates with the web. The weights per foot run will be 
as follows : — > 



"Web plates 
Flange 
Packing bars 

»> i) 
Angle -iron 

Tee-iron . 



In. In. 



10 



48 X J X -g- =• 60 lbs. per foot run. 



18 xJx^|-30 „ 

6 xixy=10 „ 
10 



a 



a 



3jxjxy = 5'83 „ „ 



In. In. In. 



10 



(3J + 3i- J) X J X ^« 10-83 lbs. per foot run. 

9 

(3 +3 -|)x|x^*lM9 „ „ 

(6 +3 -i)xix ^=14-16 „ „ 



It is usual to allow 5 per cent, on the weight of the plates 
and bars for that of the rivet heads. It is always advisable 
to keep a copy of the details of weights, in case of any 
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question as to accuracy arising, so that they are self-ex- 
planatory. I have found the following arrangement of 
schedule very convenient for this purpose. 

Weight of No. 1 Girder 40 ft. long, 4 ft. deep, and 
1 ft. 6 in. wide. 





Length. 










No. Ft. In. Ft. In. In. 




Lbs. 


Lbe. 


Web plates . 


. 1..39 11x40 X t 


SB 


39-91® 60 


« 2394 6 


Flange ,, 


. 2.. 40 0x1 6 X } 


s= 


80-00 „ 30 


= 2400-0 


>» if 


. 2. .30 0x1 6 X J 


s= 


60-00 „ 30 


= 1800-0 


ft » 


. 2. .20 0x1 6 X J 


= 


40-00 ,, 30 


= 1200-0 


Cover , , 


. 2. .11 0x1 6 X J 


SB 


2200 „ 30 


= 660-0 


End „ 


. 2.. 4 0x1 6 X J 


,= 


8-00 „ 30 


= 240-0 


Main angle-irons 


. 4.. 39 11 X 3Jx3J> 


■■i^ 


169-66 „ 10-83 


=«1729-2 


End „ „ 


. 4.. 3 llx 3}x3Jx 


J= 


15-66 „ 10-83 


= 169-6 


Cover „ „ 


. 4.. 3 Ox 3x3x 


f = 


12-00,, 11-19 


= 134-3 


Tee-irons 


. 18.. 3 llx 6 x3 X 


i = 


70-60 „ 14-16 


- 998-3 


Packing strips 


. 18.. 3 5x 6 X J 




61-60 „ 10-00 


= 616-0 


>> if 


. 4.. 3 dx 3ix 1 


•"" 


13-66,, 6-83 


= 79-7 




12420-7 


Blvet heads • 


• • • • • 


i 


, 6 per cent. = 


= 621-0 




13041-7 



which is equal to 5 tons 16 cwts. 1 qr. 21 lbs. 

In calculating the w^eights of bolts and nuts it is practically 
accurate enough to add 7 diameters to the length of the 
bolt measured from under head to point, and treat it as 
round iron. For instance, the length to be added to a f -in. 
bolt will be 0*75 x 7 = 5-25 inches. 

If the girder in the example were steel the weight would 
be greater by 2 per cent., that is 260 lbs. = 2 cwt. 1 qr. 
8 lbs. 

Next let the weight be required of a compound girder, 
composed of two rolled steel girders 12 in. x 6 in., having 
a web thickness of 0*61 in., and a mean thickness of flange 
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equal to 0-87 in., with 2 steel plates 12 in. wide by i in. 
thick, riveted on the top and bottom flanges, the length of 
girder over all being 20 feet. 

The sectional area of the flanges of one rolled girder is 
2 X 6 X 0-87 = 10-44 sq. in., and that of the web, {12 - 
2 X 0-87} X 0-61 = 6-258 sq. in., making the whole 
sectional area = 16-698 sq. in. The sectional area of each 
plate is 12 in. x i in. = 6 sq. in. So the total sectional 
area of the compound girder will be 

Ko. 2 rolled steel girders, 12 in. x 6 in. » 33*396 sq. in. 
,, 4 flange plates, 12 in. X ^ in. » 24*000 „ 



67*396 sq. in. 

Remembering that steel is 2 per cent, heavier than iron, 
and that rivet heads amount to another 5 per cent., the 
weight of the compound girder will be 

1-07 X 57-396 X ^ = 204-71 lbs. per foot run, 

making the weight of the entire girder = 204-71 x 20 = 
4094-2 lbs. = 1 ton 16 cwt. 2 qrs. 6 lbs. 

Although it is not convenient to carry about a bulky 
pocket-book of tables of weights, a few multipliers which 
may be written on a card will be convenient as an aid to 
memory, until use impresses them upon the mind. They 
are derived from the data already given, and the method of 
finding them is shown below, all multipliers being given for 
pounds per lineal foot of the materials to which they refer. 
As a bar of wrought iron 1 in. sq. and 1 yard long weighs 
10 lbs., apiece of the same section 1 foot long weighs 3^ or 
3-3 lbs. The sectional area of a round bar is equal to the 
square of its diameter multiplied by 0*7854. 
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The required multipliers will therefore be as follows, the 
scantlings being in inches. 

Flat iron bars and plates { ^Tft!^«^t^te. " ^"^^^ ° "^''''^^* °* 

Bound iron bars . . (I>i»i>»et«- equated x 2-618 -weight of 1ft. 

( length in lbs. 

iSum of the sides, less the thickness x thick- 
ness X 3-333 » weight of 1 ft. length 
in lbs. 

(Height over web, plus width, less the 
thickness X thickness X 3*333 s weight of 
1 ft. length in lbs. 

iSnm of the width of back and the two 
sides, less twice the thickness x thickness 
X 3*333 B weight of 1 ft. length in lbs. 

When the material is steel replace the multiplier 3*333 by 
3*4, and 2*618 by 2*67. A superficial foot of wrought iron 
weighs 5 lbs. for every eighth of an inch of thickness, and 
steel 5*1 lbs. per eighth of an inch of thickness. A circular 
plate of wrought iron weighs the square of its diameter^ in 
feet multiplied by 3*927 lbs. for every eighth of an inch of 
thickness ; for steel plates the multiplier is 4 lbs. 

For rough purposes the same mutipliers may be used for 
cast as for wrought iron. 

It will be observed that the limbs of angle-irons, tee-irons, 
channels, and joist sections are not parallel, or of equal 
thickness across the breadth, as some of them must have a 
taper to allow of their leaving the rolls easily, and with all 
it makes the rolling rather easier. It is not always a simple 
matter to say where the mean thickness is, but the sectional 
area can be calculated from the weight by multiplying by 
three and dividing by ten; an angle-iron which weighs 12 

3 

lbs. per foot run has a sectional area = 12 x y^ = 3*6 sq. 

inches. 
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In those girders that are built up of angles, and tees, or 
channels in connection with plates, it is advisable to specify 
the weight per foot instead of the thickness, especially if 
the work is to be let at a lump sura contract, where the 
tendency of the maker is naturally not to put more than 
the estimated weight into the job. There must also be 
a limit to excess when the work is charged by weight, 
in this case it is usual to allow what is called a rolling 
margin of 2J per cent, on the running weight of the 
sections. 

In regard to rolled girders and joists it is most economical 
to select minimum weights where possible, because in these 
the webs have the least weight in proportion to the flanges ; 
for it is obvious that as the rolls are moved wider apart the 
web is thickened exactly as much as the flange is widened, 
and therefore the bulk of the additional metal goes where 
it is of the least use, and the percentage of added strength' 
is frequently not half of that of the additional weight of 
metal. 

In order to be able to compare questions of weight and 
strength with a view to adopting that section which is most 
economical, it is indispensable to have a method of readily 
calculating weights, and that is one reason why I enter so 
fully into this part of the subject, which, being less inter- 
esting than other parts is more likely to be overlooked by 
the student. 

In order to obtain some practical knowledge of con- 
structional iron and steel work, it is highly desirable that 
the student should pass a year or two in a foundry and 
girder yard where good work is executed, such as that re- 
quired for bridges and large roofs, so that he will be able to 
appreciate the quality of work when he sees it ; if then in 
after-practice he chooses from motives of economy to accept 

T 
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rough work, it will not be because he does not know the 
difference. 

In inspecting work the conditions under which it has been 
let should always be remembered ; if a strict specification has 
been supplied and agreed to by the contractor, we can claim 
execution of the work in accordance with its clauses ; but, 
if the only stipulation has been for a certain strength, or for 
a contractor's guarantee that the work shall be so executed 
as to be sufficiently strong for the purpose it is required to 
serve, we cannot demur for rough or even slovenly work- 
manship, so long as the dimensions are accurate and the 
different parts admit of being fixed together in accordance 
with the plans. 
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%* The ▼olumes of this Series are freely Illustrated with 
Woodcuts, or otherwise, where requisite. Throughout the fol- 
lowing List it must be understood that .the books are bound in 
limp cloth, unless otherwise stated; 6ut the volumes fnarhed 
with a X may also be had strongly bound in cloth boards for ^d, 
extra, 

N.B, — In ordering from this List it is recommended, as a 
fneans of faciltiating business and obviating- error, to quote the 
numbers affixea to the volumes y as well as the titles and prices. 



CIVIL ENGINEERING, SURVEYING, ETC. 

No. 

31. WELLS AND WELL-SINKING, By John Geo. Swindkll, 

A.R.I.B.A., and 6. R. Burnbll, CE. Revised Edition. With a Neiw 
Appendix on the Qualities of Water. Illustrated. 2s. 
35. THE BLASTING AND QUARRYING OF STONE^ for 
Building and other Purposes. By Gren. Sir J. Burgoynb, Bart. xs. 6d. 

43. 2UBULAR, AND OTHER IRON GIRDER BRIDGES, par- 

ticularly describing the Britannia and Conway Tubular Bridges. By G-. 
Drysdalb Dbmpsby, C.E. Fourth Edition. 28. 

44. FOUNDATIONS AND CONCRETE WORKSy with Practical 

Remarks on Footinn, Sand, Concrete, B^ton, Pile-driving, Caissons, and 
!CofFerdams, &c. By £. Dobson. Seventh Edition, xs. 6d. 
60. LAND AND ENGINEERING SUR V EYING By T. Baker, 

C.E. Fifteenth Edition, revised by Professor J. R. YoOMO. 2s.t 

8o». EMBANKING LANDS FROM THE SEA. With examples 
and Particulars or actual Embankments, &c. By J. Wigoims, F.6.S. as. 
81. WATER WORKS, for the Supply of Cities and Towns. With 
a Description of the Principal Geological Formations of England as in- 
fluencing Supplies of Water, &c. By S. HuGHBS, C.E. New Edition. 4S.t 

J 18. CIVIL ENGINEERING IN NORTH AMERICA, a Sketch 
of. By David Stevenson, F.R.S.E., &c. Plates and Diagrams, ts. 

167. IRON BRIDGES, GIRDERS, ROOFS, AND OTHER 
WORKS. By Francis Campin. C.E. 2s. 6d.} 

197. ROADS AND STREETS, By H. Law, C.E., revised and 
enlarged by D. K. Clark, CE., including pavements of Stone, Wood, 
Asphalte, &c. as. 6d.t 

103. SANITARY WORK IN THE SMALLER TOWNS AND IN 
VILLAGES. By C.Slaoo, A.M.I.C.E. Revised Edition. x%.t 

212. GAS-WORKS, THEIR CONSTRUCTION AND ARRANGE- 
MEN J. : and the Manufacture and Distribution of Coal Gas. Originally 
written by Samuel Hughes, C.E. Re-written and enlarged by William 
Richards, C.E. Eighth Edition, with important additions. 5s. 6d.t 

«I3. PIONEER ENGINEERING, A Treatise on the Engineering 
Operations connected with the Settlement of Waste Lands in New Coun- 
tries. By Edward Dobson, Assoc. Inst. C.E. 4s. 6d.t 

116. MATERIALS AND CONSTRUCTION ; A Theoretical and 
Practical Treatise on the Strains, Designing, and Erection of Works of Con- 
struction. By Francis Campin, C.E. Second Edition, revised, js.^ 

J19. CIVIL ENGINEERING, By Hknry Law, M.Inst. C.E. 
Including Hydraulic Engineering by Geo. R. Rurnell,' M.Inst. C.E. 
Seventh Edition, revised, with large additions by D. Kinnbar Clark, 
M.Inst. C.E. 6s. 6d., Cloth boards, 7s. 6d. 

aW- THE DRAINAGE OF LANDS, TOWNS. 6- BUILDINGS, 
By G. D. Dempsey, C.E. Revised, with large Additions on Recent Practice 
in Drainage Engineering, by D. Kinnbar Ci-ark, M l.C.E. Second Edition, 
Correcfed. 4s. 6d.t 

The i indicates that these vols, may be had strongly bound at bd extra. 
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MECHANICAL ENGINEERING, ETC. 

33. CRANES, the Construction of, and other l^Iachinery for Raising 

Heavy Bodies. By Joseph Glynn, F.R.S. Illustrated, is. 6d. 

34. THE STEAM ENGINE. By Dr. Lardner. Illustrated. is.6d. 

59. STEAM BOILERS: their Construction and Management. By 
R. Armstrong, C.E. >Illustrated. zs. 6d. 

82. THE POWER OF WATER, as appUed to drive Flour Mills, 
and to give motion to Turbines, &c. By Joseph Glynn, F.R.S. 2s.^ 

98. PRACTICAL MECHANISM, the Elements of; and Machine 

Tools. By T. Bakbr, C.E. With Additions by J. Nasmyth, C.E. 2s. 6dA 

139. THE STEAM ENGINE, a Treatise on the Mathematical Theoiv 

of, with Rules and Examples for Practical Men. By T. Baker, C.E. is. 6a. 

164. MODERN WORKSHOP PRACTICE, as applied to Steam En- 

gines, Bridges, Ship-building, &c. By J. G. WiNTON. New Edition, is. 6d.t 

165. IRON AND HEAT, exhibiting the Principles concerned m the 

Construction of Iron Beams, Pillars, and Girders. By J. Armour. 2s. 6d.t 

166. POWER IN MOTION : Horse-Power, Toothed- Wheel Gearing, 

Long and Short Driving Bands, and Angular Forces. By J. Armour, as.t 
171. THE WORKMAN'S MANUAL OF ENGINEERING 

DRAWING. ByJ. Maxton. 7th Edn. With 7 Plates and 350 Cuts. is. 6d.* 
190. STEAM AND THE STEAM ENGINE, Stationary and 

Portable. By J. Sewbll and D. K. Clark, C.E. 3s. 6d.:t 
100. FUEL, its Combustion and Economy. By C. W. WiLLiAUS. 

With Recent Practice in the Combustion and Economy of Fuel — Coal, Coke, 

Wood, Peat, Petroleum, &c.— by D. K. Clark, M.I.C.E. 3s. 6d.* 
202. LOCOMOTIVE ENGINES. By G. D. Dkmpsey, C.E. ; with 

large additions by D. Kinnbar Clark, M.I.C.E. xi.t 
211. THE BOILERMAKER'S ASSISTANT in Drawing, Tern- 

plating, and Calculating Boiler and Tank Work. By John Courtney, 

Practical Boiler Maker. Edited by D. K. Clark, C.E. xoo Illustrations. 2s. 
217. SEWING MACHINERY : Its Construction, History, &c., with 

full Technical Directions for Adjusting, &c. "By J. W. Urquhart, C.E. 2s.t 
223. MECHANICAL ENGINEERING. Comprising Metallurgy, 

Moulding, Casting, Forging, Tools, Workshop Machinery. Manufacture ol 

the Steam Engine, &c. By Francis Campin, C.E. Second Edition. 28. 6d.l 

236. DETAILS OF MACHINERY, Comprising Instructions for 

the Execution of various Works in Iron. By Francis Campin, C.E. %%.% 

237. THE SMI2HY AND FORGE; mcluding the Farrier's Art and 

Coach Smithing. By W. J. £. Crane. Illustrated. 2s. 6d.t 

238. THE SHEETMETAL WORKER'S GUIDE; a Practical Hand- 

book for Tinsmiths, Coppersmiths, Zincworkers, &c. With 94 Diagrams and 
Working Patterns. By W. J. E. Crane. Third Edition, revised, is. 6d. 

251. STEAM AND MACHINERY MANAGEMENT: with Hints 
on Construction and Selection. By M. Powis Bale, M.I.M.E. 28. 6d.t 

254. THE BOILERMAKER'S READY-RECKONER. By J. 

Courtney. Edited by D. K. Clark, C.E. 4s. 
%• Nos. 21T andz<i\ in One Vol.^ half -bound, entitled''^ The Boilermaker's Ready- 
Reckoner AND Assistant." By J. Courtney and D. K. Clark. 78. 

255. LOCOMOTIVE ENGINE-DRIVING. A Practical Manual for 

Engineers in charge of Locomotive Engines. By Michael Reynolds, M.S.E 
Ninth Edition. 3s. 6d., limp ; 4s. 6d. cloth boards. 

256. STA TIONAR Y ENGINE-DRIVING. A Practical Manual for 

Engineers in charge of Stationary Engines. By Michael Reynolds, M.S.E. 
Fourth Edition. 3s. 6d. limp ; 4s. 6d. cloth boards. 
260. IRON BRIDGES OF MODERATE SPAN: their Construc- 
tion and Ererti on Bv HaMITTON W. PrvHRRD. r.T^. 2«!. 

The t indicates that these vols, may be had strongly bound at td. extra. 
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MINING, METALLURGY, ETG- 

4. MINERALOGY^ Rudiments of; a concise View of tbe General 
Properties of Minerals. By A. Ramsay, F.G.S., F.R.G.S., &c. Fourth 
Edition, revised and enlarged. Illustrated. 3s. 6d.t 

117. SUBTERRANEOUS PURVEYING, with and without the Mag- 
netic Needle. By T. Fbnwick and T. Baker, C.E. Illustrated. 2s. 6d. X 

135. ELECTRO-METALLURGY; Practically Treated. By Aukx- 
ANDBR Watt. Tenth Edition, enlarged, with additional Illustrations^ and 
including the most recent Processes. 3s. 6d.t 

172. MINING TOOLS, Manual of. For the Use of Mine Managers, 
Agents, Students, &c. By William Morgans. 2s. 6d.' 
I71*. MINING, TOOLS, ATLAS oi Engravings to Illustrate the above, 
containing 235 Illustrations, drawn to Scale. 4to. 4s. 6d. 

176. METALLURGY OF IRON, Containing History of Iron Manu- 
facture, Methods of Assay, and Analyses of Iron Ores, Processes of Manu- 
facture of Iron and Steel, &c.« By H. Baubrman, F.G.S. SixUi Edition, 
revised and enlarged. 5s.| 

i8o. COAL AND COAL MINING. By the late Sir Warington W. 

Smyth, ld.A., F.R.S. Seventh Edition, revised. 3s. 6d.t 

195. THE MINERAL SURVEYOR AND VALUER'S COM^ 

PLETE SUIDE. By W. Lintbrn, M.E. Third Edition, including Mag- 
netic and Angular Surveying. With Four Plates. 3s. 6d.t 
214. SLATE AND SLATE eC/i4^^P7A^<9, Scientific, Practical, and 
Commercial. By D. C. Davibs, F.G.S., Mining Engineer, &c. 3S.t 

264. A FIRST BOOK OF MINING AND QUARRYING, with Oie 
Sciences connected ther«>-- «th, for Primary Schools and Self Instruction. By 
J. H. Collins, F.G.S. Second Edition, with additions, xs. 6d. 



ARCHITECTURE, BUILDING, ETC. 

16. ARCHI7ECTURE— ORDERS— -Tht Orders and their ^Esthetic 

Principles. By W. H. Lbbds. Illustrated, is. 6d. 

17. ARCHITECTURE— STYLES—The History and Description of 

the Styles of Architecture of Various Countries, from the Earliest to the 
Present Period. By T. Talbot Bury, F.R.I. B.A^'&c. Illustrated. 2s. 
%• Orders and Stylbs of Architbcturb, in One Vol., 3*. 6d, 

18. ARCHITECTURE— DESIGN— The Principles of Design in 

Architecture, as deducible from Nature and exemplified in the Works of the 

Greek and Gothic Architects. BvE.L.Garbett, Architect. Illustrated. 2s.6d. 

%* The three preceding Worhs, in One handsome Vol,, half bound, entitled 

'* Modbrn Architbcturb," price 6s,'i 

22. THE ART OF BUILDING, Rudiments of. General Principles 
of Construction, Materials used in Building^ Strength and Use of Matonals, 
Working Drawings, Specifications, and Estimates. By E. Dobson, 2s.t 

25. MASONRY AND ST0NECUT2ING: Rudimentary Treatise 
on the Principles of Masonic Projection and their application to Con- 
struction. By Edward Dobson, M.R..I.B.A., &c. 2s. 6d.t 

42. COTTAGE BUILDING. By C. Bruce Allkn, Architect 

Eleventh Edition, revised and enlarged. With a Chapter on Economic Cottages 
for Allotments, by Edward E. Allbn, C.E. 2s. 

45. LIMES, CEMENTS, MORTARS, CONCRETES, MASTICS, 
:PLASTERING, &c. By G. R. Burnbll, C.E Fourteenth Edition, zs. 6d 

57. WARMING AND VENTILATION. An Exposition of the 
General Principles as applied to Domestic and Public Buildings, Mines, 
Lighthouses, Ships, &c. By C. Tomlinson, F.R.S., &c. Illustrated. 3s. 

III. ARCHES, PIERS, BUTTRESSES, &*€.: Experimental Essays 
on the Principles of Construction. By W. Bland. Illustrated, is. 6d. 

The t indicates that these vols, may Ot. had strongly bound at 6d. exirm. 
LONDON: CROSBY LOCKWOOD AND SON, 
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Arohitecture, Building, etc., continued, 
ii6. THE ACOUSTICS OF PUBLIC BUILDINGS; or. The 

Principles of the Science of Sound applied to the purposes of the Architect and 
Builder. By T. Roger Smith, M.K.I.B.A., Architect. Illustrated, is. 6d. 

la;. ARCHITECTURAL MODELLING IN PAPER, the Art of. 

By T. A. Richardson, Architect. Illustrated, is. 6d. 
128. VITRUVIUS^THE ARCHITECTURE OF MARCUB 

VITRbVIUS POLLO, In Ten Books. Translated from the Latin bf 

JosBPH GwiLT, F.S.A., F.R.A.S. With 23 Plates. 5s. 
130. GRECIAN ARCHmTECTLRE, An Inquiry into the Principles 

of Beauty in ; with an Historical View of the Rise and Progress of the Art in 

Grreece. By the Earl op Aberdbbn. is. 
%* The Hno preceding l^orks in One handsome Vol^^ half bound, entitled "Ancibnt 

Architecture," price 6s, 

111. THE ERECTiON OF DWELLING-HOUSES, Illustrated b;^ 
a Perspective View, Plans, Elevations, and Sections of a pair of Semi- 
detached Villas, wiUi the Specification, Quantities, and Estimatest &c. By 
S. H. Brooks. New Edition, with Plates. 2s. 6d.i 

156. QUANTITIES &* MEASUREMENTS in Bricklayers', Masons', 
Plasterers^ Plumbers', Painters' JPaperhangers^ Gilders', Smiths', Carpenters' 
and Joiners' Work. By A. C. Beaton, Surveyor. Ninth Edition, is. 6d. 

175. LOCfR WOOD'S BUILDER'S PRICE BOOK FOR 1895- A 
Comprehensive Handbook of the Latest Prices and Data for Builden. 
Architects, Engplneers, and Contractors. Re-constructed, Re-written, ana 
further Enlarged. By Francis T. W. Miller, A.R.I.B.A. 800 pages. 
4s., cloth boards. 

182. CARPENTRY AND JOINERY— Tbx. Elementary Priw- 

ciPLKS OF Carpentry. Chiefly composed from the Standard Work of 
Thomas Tredgold, C.E. With a TREATISE ON JOINERY by B. 
Wyndham Tarn, M.A. ; Fifth Edition, Revised. 3s. 6d f 

18 J*. CARPENTRY AND JOINERY. ATLAS of 35 Plates to 
accompany the above. With Descriptive Letterpress. 4to 6s. 

185. UHE COMPLE2E MEASLkER ; the Measurement of Board% 
Glass, &c. ; Unequal-sided, Square-sided, Octagopal-sided, Round Timber 
and Stone, and Standing Timber, &c. By Richard Morton. FifOi 
Edition. 4s. ; strongly bound in leather, 58. 

187. HINTS To YOUNG ARCHITECTS. By G. WlGHTWlOL 
New Edition. Bv G. H. Guillaumb. Illustrated, js. 6d.t 

i88. HOUSE PAINTING, GRAINING, AiARBLING, AND SIGN 
H'R/T/NG : with a Course of Elementary Drawing for House-Painters, Sign- 
Writers, &c., and a Collection of Useful Receipts. By Ellis A. Davidson. 
Sixth Edition. With Coloured Plates. 5s. clotb limp ; 6s. cloth boards. 

189. THE RLDIMENTS OF PRACTICAL BRICKLAYING. 
In Six Sections: General Principles; Arch Drawing, Cutting, and Setting: 
Pointing; Paving, Tiling, Materials; Slating and Plastering; Practical 
Geometry,Mensuration, &c. By Adam Hammond. Eighth Edition, is. 6d. 

191. PLhMBiNG. A Text-Book to the Practice of the Art or Graft of 

the Plumber. With Chapters upon House Drainage and ^ entilation. Sixth 
Edition. With 380 Illustrations. By W. P. Buchan. 3s. Sd.t 

192. THE TIMBER IMPORTER'S, TIMBER MERCHANTS, 

and BUILDER'S STANDARD GUIDE. By R. E. Grandy. as. 

106. A BOOK ON BUILDING, CvvU and EccUsiasticaX, including 
Church Restoration. With the Theoiy of Domes and the Ghreat Pyramid 
&c. By Sir Edmund Beckett, Bart., LL.D., OXl.^ F.R.A.S. 4s. 6d.$ 

226. THE JOaNTS made AND USED BY BUILDE RS in the 
Construction of various kinds of Engineering and Architectural Works. By 
WyvillJ. Christy, Architect. With upwardsofi6o Engravings on Wood, ts.v 

228. THE CONSTRUCTION OF ROOFS OF WOOD AND IRON. 
By £. Wyndham Tarn, M.A., Architect. Third Edition, revised, is. 6d. 

The t indicates that these vols, may be had strongly bound at 6d. extra, 
7, STATIONERS' HALL COURT, LXJDGATS HILL, B.C. 
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Architecture, Building, etc., continued, 

229. ELEMENTARY DECORATION: as appJied to the Interior 

and Exterior Decoration of Dwelling-Houses, &c. By J. W. Facby. 2s. 
J57. PRACTICAL HOUSE DECORATION. A Guide to the Art 
of Ornamental Painting. By Jambs W. Facby. 2s. 6d. 
%* The two preceding Works ^ in One handsome Vol., half-bound^ enliiled '* "SLoxtSE 
Decoration, Elementary and Practical," price 5*. 

230. A PRACTICAL TREATISE ON HANDRAILING, Showing 

New and Simple Methods. By G. Colungs. Second Edition, Revised, 
including A Treatise on Stairbuildino. Plates. 2s. 6d, 

247. BUILDING ESTATES : a Rudimentary Treatise on the Develop- 

ment, Sale, Purchase, and General Management of Building .Land. ^7 
Fowler Maitland, Surveyor. Second Edition, revised. 2s. 

248. PORTLAND CEMENT FOR USERS. By Henry Faija, 

Assoc. M. Inst. C.E. Third Edition, corrected. Illustrated, as. 

252. BRICKWORK: a Practical Treatise, embodying the Greneral 

and Higher Principles ot Bricklaying, Cutting and Setting, &c. By F. 

Walker. Third Eidition, Revised and Enlarged, xs. 6d. 

23. THE PRACTICAL BRICK AND TILE BOOK. Comprising: 

189. Brick and ile Making, by E. Dobson, A.I.C.E.; Practical Bricklat- 

165. ING, by A H MMOND ; Brickcutting and Setting, by A. Hammond. 534 

pp. with 270 Illustrations. 6s. Strongly half-bound. 
ttl.THE TIMBER MERCHANT'S, SAW-MILLER'S, AND 
IMPORTER'S FREIGHT-BOOK AND ASSISTANT. By Wm. Rich- 
ardson. With Additions by M. Powis Bale, A.M.Inst.C.E. %s.X 

258. CIRCULAR WORK IN CARPENIRY AhD JOINERY. 

A Practical Treatise on Circular Work of Single and Double Curvature. 
By'GBORGB Collings. Second Edition, 2S. 6d. 

259. GAS FIITI^G: A Practical Handbook treating of every 

Description of Gas Laying and Fitting. By John Black. 2s. 6d.t 
261. SHORING AND ITS APPLICATION: A Handbook for the 

Use of Students. By Georgb H. Blagrovb. xs. 6d. 
265. THE AR T OF PR A CIICAL BRICK CU2 TING 6* SETTING. 

By Adam Hammond. With 90 Engravings, is. 6d. 
267. THE SCIENCE OF BUILDING : An Elementary Treatise on 

the Principles of Construction. By E. Wyndham Tarn, M.A. Lond. Third 

Edition, Revised and Enlarged. 3s. 6d.t 

271. VENTILAiION : a Text-book to the Practice of the Art of 

Ventilating Buildings By W. P. Buchan,R.P., Sanitary Engineer, Author 
of " Plumbing," 8tc. .3s. 6d.* 

272. ROOF i^ARPEAlRY ; Practical Lessons in the Framing of 

Wood Roofs. For the Use of Working Carpenters. By Geo. Colungs, 
Author of *' Handrailing and Stairbuilding," 8tc. 2S. 

273. THE PRACTICAL PLAS1ERER : A Compendium of Plain 

and Ornamental Plaster Work. By Wilfred Kemp. 2s. \ Just published. 



SHIPBUILDING, NAVIGATION, ETC. 

51. NA VAL ARCHITECTURE. An Exposition of the Elementary 
Principles. By J. Pbakb. Fifth Edition, with Plates. 3s. 6d4 
53». SHIPS FOR OCEAN <Sr* RIVER SER VICE, Elementary and 
Practical Principles of the Construction of. By H. A. Sommbrfbldt. is. 6d. 
53»». AN ATLAS OFENGRA VINGS to Illustrate the above. Twelve 
lazse folding plates. Royal dto, cloth, 7s. 6d. 
54. MASTING, MASl'MAKING, AND RIGGING OF SHIPS, 
Also Tables of Spars, Rigging, Blocks ; Chain, Wire, and Hemp Ropes 
fcc, relative to every class ot v^sels. By Robert Kipping, N.A. 2s.3 

The t indicates thai these vols, may be had strongly bound at 6d. extra. 
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Shipbuilding, Navigation, Marine Engineering, etc., cont. 

54*. IRON SHIP-BUILDING, With Practical Examples and Details. 
By ToHH Grantham, C.E. Fifth Edition. 48. 
55. THE SAILOR* S SEA BOOK: a Rudimentary Treatise on 
Navigation. By Jambs Grbbnwood, B.A. With numerous Woodcuts and 
Coloured Plates. New apd enlarged edition. Hy W. H. Rossbr. ss. 6d4 

«o. MARINE ENGINES AAD STEAM VESSELS. Bj Robert 
Murray, C.E. Eighth Edition, thoroughly Revised, with Additions by the 
Author and by Gborob Caruslb, C.E. 4s. 6d. limp ; 5s. cloth boards. 
Zlhis. THE FORMS OF SHIPS AND BOATS, By W. Bland. 

Ninth Edition, with numerous Illustrations and Models, ts. 6d. * 

99. NAVIGATION AND NALTIi^AL ASTRONOMY, in Theory 
and Practice. By Pirof. J. R. Youno. New Edition, zs. 6d. 

106. SHIPS* ANCHORS, a Treatise on. By G. Cotskll, N.A. is. 6d. 
149. SAILS AND SAIL-MAKING, With Draughting, and the Centre 

of Effort of the Sails ; Weights and Sizes of Ropes : Masting, Rigging, 
and Sails of Steam Vessels, &c. xjth Edition. ByR. Kipping, NJA., as. 6d.| 

155. ENGI^EER*S GUIDE TO THE ROYAL 6- MERCANTILE 
NAVIES. By a Practical Enginbbr. Revised by D. F. McCarthy. 38. 

SC PRACTIi^AL NAVIGATION. Consisting of The Sailor's 
^ Sea-Book. By Jambs Grbbnwood and W. H. Rossbr. Togiether wiUi 

40A ^® requisite Mathematical and Nautical Tables for the Working of the 

'""^^ Problems. By H. Law, C.E., and Prof. J. R. Young. 7s. Half-bound. 

' AGRICULTURE, GARDENING, ETC. 

ti*.A COMPLETE READY RECKONER FOR THE ADMBA- 
SUREMENT OF LAND, &c. By A. Arman. Fourth Edition, revised 
and extended by C. Norris, Surveyor, Valuer, &c. as. 

131. MILLER'S, CORN MERCHANTS, AND FARMER'S 

READY RECKONER. Second Edition, with a Price List of Modern 
Flour- Mill Machinery, by W. S. Hutton, C.E. as. 

140. SOILS, MANURES, AND CROPS. (Vol. i. Outlines of 

MoDBRN Farming.) By R. Scorr Burn. Woodcuts, as. 

141. FARMING <Sr* FARMING ECONOMY, Notes, Historical and 

Practical, on. (Vol. 2.0utlinbs of Modbrn Farming.) By R. Scott Burn. 38. 

142. STOCK; CATTLE, SHEEP, AND HORSES. (Vol. 3. 

OuTLiNBS OP Modbrn Farming.) By R. Scott Burn. Woodcuts, is. 6d. 

145. DAIRY, PIGS, AND POULTRY, Management of the. By 

R. Scott Burn. (Vol. 4. Outlinbs of Modbrn Farming.) as* 

146. UTILIZATION OF SEWAGE, IRRIGATION, AND 

RECLAJHATION OF WASTE LAND. (Vol. k. Outunbs of Modbrii 
Farming.) 6^ R. Scott Burn. Woodcuts, as. od. 
*«* No9. i40-i-a-5-6, tn One Vol., handsomely half- bound, entitled " Outunbs OF 
Modbrn Farming.'* By Robbrt Scott Burn. Price 12s, 

177. FRUIT TREES, The Scientific and Profitable Culture of. From 
the French of Du Brbuil. Revised by Gbo. Glbnny. 187 Woodcuts. 38. 6d. 

198. SHEEP; THE HISTORY, STRUCTURE, ECONOMY, AND 
DISEASES OF. By W. C. Spoonbr, M.R.V.C, &c. FifUi Edition, 
enlarged, including Specimens ot New and Improved Breeds. 3s. 6d,t 

201. KITCHEN GARDENING MADE EASY. By George M. F. 

Glbnny. Illustrated, is. 6d.l 

107. OUTLINES OF FARM MANAGEMENT, and the OrganU 

tation of Faftn Labour. By R* Scott Burn. as. 6d.l 
«o8. OUTLINES OF LANDED ESTATES MANAGEMENT. 
By R. Scott Burn. as. 6d. 
%* Not. ao7 6f ao8 in One Vol., handsomely half-bound, entitled " Odtuhbs O* 
Landed Estates and Farm Managbmbnt." By R. Scott Burn. Price 6s. 

The t indicates that these vols, may be had strongly bound at 6d. extra. 
7, stationers' HALL COURT, LUDGATE HILL, E.G. 
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Agriculture, Gardening, etc., continued, 

209. THE TREE PLANTER AND PLANT PROPAGATOH. 

A Practical Manual on the Propagation of Forest Trees, Fruit Trees, 
Flowering Shrubs, Flowering Plants, &c. By Samubl Wood. 2s. 

110. THE TREE PRLNER, A Practical Manual on the Pruning of 
Fruit Trees, including also their Training and Renovation ; also the Pmninff 
of Shrubs, Climbers, and Flowering Plants. By Samubl Wood. is. 6d. 
%* Not, 209 ^ 2x0 in One Vol., handsonuly half-bound^ entitled "Thk Trbb 
Planter, Propagator, and Prunbr." By Samubl Wood. Price 3J. 6d. 

J18. THE HA Y AND STRA W MEASURER : Being New Tables 
for the Use of Auctioneers, Valuers, Farmers, Hay and Straw Dealers, &c. 
By John Stbblb. Fifth Edition. 2s. 

122. SUBURBAN FARMING, The Laying-out and Cultivation of 
Farms^ adapted to the Produce of Milk, Butten and Cheese, Eggs, Poultzy, 
and Pigs. By Pro£ John Donaldson and R. Scott Burn. 3s. 6a,X 

231. THE ART OF GRAFTING AND BUDDING. By CHAM.KS 

Baltbt. With Illustrations. 2s. 6d.t 

232. COTTAGE GARDENING; or, Flowers, Fruits, and Vegetables 

for Small Gardens. By £. Hobday, is. 6d. 

233. GARDEN RECEIPTS, Edited by Charles W. Quin. is.6d. 

234. MARKET AND KITCHEN GARDENING. By C. W. Shaw, 

late Editor of " Gardening Illustrated." js.l 

239. DRAINING AND EMBANKING, A Practical Treatise, em- 

bodying the most recent experience in the Application of Improved Methods. 
By JOHN Scott, late Professor of Ag^riculture and Rural Economy at the 
Royal Agricultural College, Cirencester. With 68 Illustrations, isi 6d. 

240. IRRIGATION AND WATER SUPPLY, A Treatise on Water 

Meadows, Sewage Irrigation, and Warping; the Construction of Wells, 
Ponds, and Reservoirs, &c. By Prof. John Scott. With34lllus. is. 6d. 

241. FARM ROADS, FENCES, AND GATES, A Practical 

Treatise on the Roads, Tramways, and Waterways of the Farm; the 
Principles of Enclosures ; and the di£Ferent kinds of Fences, Gates, and 
Stiles. By Professor John Scott. With 75 Illustrations, is. 6d. 

242. FARM BUILDINGS, A Practical Treatise on the Buildings 

necessary for various kinds of Farms, their Arrangement and Construction, 
with Plans and Estimates. By Prof. John Scott. With 105 lUus. as. 

243. BARN IMPLEMENTS AND MACHINES. A Practical 

Treatise on the Application of Power to the Operations of Ag^culture ; and 
on various Machines used in the Threshing-bam, in the Stock-yard, and in the 
Dairy, &c. By Prof. J. Scott. With 123 Illustrations. 2s. 

244. FIELD IMPLEMENTS AND MACHINES. A Practical 

Treatise on the Varieties now in use, with Principles and Details of Con- 
struction, their Points of Excellence, and Management. By Professor Johm 
Scott. With 138 Illustrations. 2s. 

245. AGRICULTURAL SURVElcING, A Practical Treatise on 

Land Surveying, Levelling,' and Setting-out ; and on Measuring and Esti- 
mating Quantities, Weights, and Values of Materials, Produce, Stock, &c. 
By Prof. John Scott. With 62 Illustrations, is. 6d. 

%* Nos. 239 to 245 in One Vol., handsomely half-bound, entitled ** Thb Complbti 
Tbxt-Book of Farm Enginebring." By Professor John Scott. Price 12*. 

^50. MEAT PRODUCTION. A Manual for Producers, Distributors, 
&c. By John Ewart. 2s. 6d.t 

266. BOOK-KEEPING FOR FARMERS & ESTATE OWNERS, 
By T. M. Woodman, Chartered Accountant. 2s. 6d. cloth limp; 3s. 6d. 
clotn boards. 



7 he X indicates thai these vols may be hqd strongly bound at 6d, extra, 
LONDON : CROSBY LOCKWOOD AND SON, 



W BALE'S RUDIMENTARY SERIES. 



MATHEMATICS, ARITHMETIC, ETC. 

32. MATHEMATICAL INSTRUMENTS, a Treatise on; Their 
Construction, Adjustment, Testing, and Use concisely Explained. By J. F. 
Hbathbr, M.A. Fourteenth Edition, revised, wiUi additions^ by A. T. 
WALMiSLBYf M.I.C.E., Fellow of the Surveyors' Institution. Original Edi- 
tion, in I vol.. Illustrated. 2s4 

%* In ordering' the above^ be careful to say^ ** Original Editum " {No, 3s), io dititn- 
guish it from the Enlarged Edition in 3 vols. (Nos, i68-9-70.) 

76. DESCRIPTIVE GEOMETRY, an Elementanr Treatise on; 
with a Theory of Shadows and of Perspective, extracted nrom the French of 
G. MoNGB. To which is added, a description of the Principles and Practice 
of Isometrical Projection. By J. F. Hbathbr, M JV.. Wiui 14 Plates. St. 

178. PRACTICAL PLANE GEOMETRY: giving the Simplest 
Modes of Constructing Figures contained in one Plane and Geometrical Con- 
struction of the Ground. By J. F. Hbathbr, M.A. Widi 2x5 Woodcuts, tt. 

83. COMMERCIAL BOOK-KEEPING. With Commercial Phrases 

and Forms in English, French, Italian, and Grerman. By Jambs Haddon, 
M.A., Arithmetical Master of King's College School, London, is. 6d. 

84. ARITHMETIC, a Rudimentary Treatise on : with full Explana- 

tions of its Theoretical Principles, and numerous Examples for Practice. By 
Professor J. R. Youno. Twelfth Edition, is. 6d. 

84*. A Kby to the above, containing Solutions in full to the Exercises, togethec 
with Comments, Explanations, and Iznproved Processes, for the Use ol 
Teachers and Unassisted Learners. By J. K. Youno. is. 6d. 

85. EQUA TIONAL ARITHMETIC, applied to Questions of Interest* 

Annuities, Life Assurance, and Greneral Commerce ; with various Tablet by 
which all Calculations may be greatly facilitated. By W. Hipslby. as. 

86. ALGEBRA, the Elements of. By James Haddon, M.A. 

With Appendix, containing miscellaneous Investigations, and a CoUectioa 
of Problems in various parts of Algebra. 2s. 
86*. A Kby and Companion to the above Book, forming an extensive repository of 
Solved Examples and Problems in Illustration of the various Expedients 
necessary in Algebraical Operations. By J. R. Young, is. 6d. 

88. EUCLID, The Elements of : with many additional Propositions 

89. and Explanatory Notes: to which is prefixed, an Introductory Essay 'oi9 
Logic. By Hbnry Law, C.E. 2s. 6d4 

•»• Sold also separately^ vtz. ;— 

88. EucuD, The First Three Books. By Hbnry Law, C.E. is. 6d. 

89. EucuD, Books 4, 5, 6, 11, 12. By Hbnry Law, C.E. is. 6d. 

^. ANALYTICAL GEOMETRY AND CONIC SECTIONS 
By Jambs Hann. A New Edition, by Professor J. R. Youno. 2s.t 

91. PLANE TRIGONOMETR F, the Elements of. By JAMKS 

Hann, formerly Mathematical Master of King's College, London, is. 6d. 

92. SPHERICAL TRIGONOMETR F, the Elements of. By JAMXS 

Hann. Revised by Charlbs H. Dowling, C.E. zs. 
%• Or with " The Elements of Plane Trts^onomeiry," in One Volume, %s, 6d. 

93. MENSURATION AND MEASURING. With the Mensuration 

and Levelling of Land for the Purposes of Modem Engineering. By T. 
Bakbr, C.E. New Edition by £. Nugbnt, C.E. Illustrated, zs. 6d. 

lOi. DIFFERENCIAL CALCULUS, Elements of the. By W. S. B. 

WooLHOusB, F.R.A.S., &c. zs. 6d. 
102. INTEGRAL CALCULUS, Rudimentary Treatise on the. By 

Hombrsham Cox, B.A. Illustrated, zs. 

136. ARITHMETIC, Rudimentary, for the Use of Schools and S \ • 

Instruction. By Jambs Haddon, M.A. Revised by A. Arman. zs. 6d. 

137, A Kby to Haddon's Rudimentary Arithmbtic. By A. Arman. zs. C^-. 

The % indicates thai these vols, may be had sirotifi^/y bound at bd, extra. 
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lo wkalk's rudimentary series. 

Mathexnatics, Arithmetic, etc., continued, 

i68. DRAWING AND MEASURING INSTRbMENTS. Indad- 
iBgr""!* Instruments employed in Geometncal and Mechanical Drawings, 
and in the Construction, Copjring, and Measurement of Maps and Plans. 
II. Instruments used for the purposes of Accurate Measurement, and for 
Arithmetical Computations. By J. F. Hbathbr, M.A. Illustrated, is. 6d. 

169. OPTICAL INSTROMEATS, Including (more especiaUy) Tele- 

scopes, Microscopes, and Apparatus for producing: copies of Maps and Plans 
bv PhotoRjaphy. By J. F. Hbathbr, M.A. Illustrated, zs. 6d. 

170. SURVEYING AND ASTRONOMICAL INSTRUMENTS. 

Including — I. Instruments Used for Determining the Geometrical Features 
of a portion of Ground. II. Instruments Employra in Astronomical Observa* 
tions. By J. F. Hbathbr, M.A. Illustrated, xs. 6d. 
•#* The above three volumes form an enlargement of the Author's original work, 
** Mathematical Instruments** {See No. 32 in the Series.) 

ies.^MATBEMATICAL INS2RUMENTS. By J. F. Heather, 

169. r M.A. Enlarged Edition, for the most part entirely re-wntten. The 3 Parts as 

170.^ above, in One thick Volume. With numerous Illustrations. 4s. 6d.t 

158. jHE slide role, and how to use IT; containing 

full, easy, and simple Instructions to perform all Business Calculations witia 

unexampled rapidity and accuracy. By Charlbs Hoarb, C.£. Sixth 

Edition. With a Slide Rule in tuck of cover. 2s. 6d.t 

196. THEORY OF COMPOUND INTEREST AND ANNUL 

TIES ; with Tables of Logarithms for the more Difficult Confutations o\ 
Interest, Discount, Annuities, &c. By F^dor Thoman. Fourth Edition. 4S.t 

199. THE COMPEADIOUS CALCULATOR; or, Easy and Concise 
Methods of Performing the various Arithmetical Operations required in 
Comjnercial and Business Transactions ;' together with Useful Tables. By 
D. O Gorman. Twenty-seventh Edition, carefully revised by C. KoRRis. 
2s. 6d» cloth limp ; 3s. 6d., strongly half-bound in leather. 

204. MA2HEMA IlCAL 'lABLES, for Trigonometrical, Astronomical, 
and Nautical Calculations ; to which is prefixed a Treatise on Logarithms. 
By Hbnry Law, C.E. Together with a!Seriesof Tables for Navigation 
and Nautical Astronomy. By Prof. J. R. Young. New Edition. 4s. 
-«04». LOGARITHMS, With Mathematical Tables for Trigonometrical, 
Astronomical, and Nautical Calculations. By Hbnry Law, M.Inst.CE. New 
and Revised Edition. (Forming part of the above Work). 3s. 

111. MEASURES, WEIGHTS, AND MONEYS OF ALL NA- 
TIONSt and an Analysis of the Christian, Hebrew, and Mahometan Calen- 
dars. By W. S. B. Woolhousb, F.R.A.S., F.S.S. Seventh Edition, 28.6d.t 

127. MATHEMATICS AS APPLIED TO THE CONSTRUC- 
TIVE ARTS. Illustrating the various processes of Mathematical Invest! - 
fation, by means of Arithmetical and Simple Alsrebraical Equations and 
'ractical Examples. By Francis Cahpin. C.E. Third Edition. 3S.t 

PHYSICAL SCIENCE, NATURAL PHILO- 
SOPHY, ETC. 

1. CHEMISTRY. By Pkt)fessor George Fownes, F.R.S. With 

an Appendix on the Application of Chemistry to Agriculture, xs. 

2. NATURAL PHILOSOPHY, Introduction to the Study of. By 

C. TOMLINSON. Woodcuts. IS. 6d. 

6. MECHANICS, Rudimentary Treatise on. By Charles Tom- 

LiNSON. Illustrated, xs. 6d. 

7. ELECTRICITY; showing the General Principles of Electrical 

Science, and the puxposes to which it has been appliea. By Sir W. , Snow 
Harris, F.R.S., 8cc. With Additions by R. Sabinb, C.E., F.S.A. is. 6d. 

7». GALVANISM. By Sir W. Snow Harris. New Edition by 

Robbrt Sabinb, C.E., F.SJ^. is. 6d. 

8. MAGNETISM ; bein^ a concise Exposition of the General Prin* 

ciples of Magnetical Science. By Sir W. Snow Harris. New Edition, 
revised by H. M. Noad, Ph.D. With 165 Woodcuts. 3s. 6d.t 

The X indicates thai these vols, mav be had stronzly bound at td. extra. 
LONDON: CROSBY LOCKWOOD AND SON, 



WBALB'S RUDIMENTARY SERIES. tl 

Physical Science, Natural Philosophy, etc., continued, 

11. THE ELECTRIC TELEGRAPH; its History and Progress; 

with Descriptions of some of the Apparatus. By R. Sabinb, C.E., F.S.A. jt. 

12. PNEUMATICS, including Acoustics and the Phenomena of Wind 

Currents, for the Use of Beginners By Charles Tomlinson, F.R.S. 
Fourth Edition, enlarged. Illustrated, is. 6d. 

72. MANUAL OF THE MOLLUSCA ; a Treatise on R,ecpnt and 
Fossil Shells. By Dr. S. P. Woodward. A.L.S. Fourth Edition. With 
Plates and 300 Woodcuts. 7s. 6d., cloth. 

96. ASTRONOMY, By the late Rev. Robert Main, M.A. Third 

Edition, by William Thynnb Lynn, B.A., F.R.A.S. as. 

97. STATICS AND DYNAMICS, the Principles and Practice of; 

embracing also a clear development of Hydrostatics, Hydrodynamics, and 
Central Forces. By T. Bakbr, C.E. Fourth Edition, is. 6d. 

173. PHYSICAL GEOLOGY, partly based on Major-General PORT- 

lock's" Rudiments of Geology." By Ralph Tatb,A.L.S.,&c. Woodcuts, st. 

174. HISTORICAL GEOLOGY, parUy based on Major-General 

Portlock's ''Rudiments." By Ralph Tatb, A.L.S., &c. Woodcuts, as. 6d. 

173 RUDIMENTARY TREATISE ON GEOLOGY, Physical and 

& Historical. Partly based on Major-Greneral Portlock's " Rudiments of 

Z74. Greology." By Ralph Tatb, A.L.S., F.G.S., &c. In One Volume. 4s. 6d.| 

l«3 ANIMAL PHYSICS, Handbook of. By Dr. La&dner, D.CL.', 
il formerly Professor of Natural Philosophy and Astronomv in University 

•184. College, Lond. With 520 Illustrations. In One Vol. 7s. 6a., cloth boards. 
^* •«• Sold also m 2 wo PartSt as folloms : — 

183. Animal Physics. By Dr. Lardnbr. Part I., Chapters I.— VII. 4s. 

184. Animal Physics. By Dr. Lardnbr. Part II., Chapters VIII.— XVIII. 3s. 

269. LIGHT: an Introduction to the Science of Optic«, for the Use of 
Students of Architecture, Engineering, and other Applied Sciences. By E. 
Wyndham Tarn, M.A. is. od. 



FINE ARTS. 

to. PERSPECTIVE FOR BEGINNERS. Adapted to Young 
Students and Amateurs in Architecture, Painting, &c. By Gborob Pynb. 2s. 

40 GLASS STAINING, AND THE ART OF PAINTING ON 
GLASS, From the German of Dr. Gbssbrt and Emanubl Otto From- 
bbro. With an Appendix on Thb Art of Enamelling. 2s 6d. 

69. MUSIC, A Rudimentary and Practical Treatise on. With 
numerous Examples. By Charlbs Child Sfbncbr. 2s. 6d. 

71. PIANOFORTE, The Art of Playing the. With numerous Exer- 
cises & Lessons from the Best Masters. By Charlbs Child Spbncbr. is.6d. 

69-71. MUSIC (9* THE PIANOFORTE, In one vol. Half bound, 5s. 
181. PAINTING POPULARLY EXPLAINED, including Fresco, 
Oil^ Mosaic, Water Colour, Water-Glass, Tempera, Encaustic. Miniature. 
Painting on Ivory, Vellum. Pottery, 'Enamel, Crlass, &c. With Historical 
Sketches of the Progress ot the Art by Thobias John Gut.t.ick, assisted by 
John Times, F.S.A. Sixth Edition, revised and enlarged. 5S.I 
186. A GRAMMAR OF COLOURING, apphed to Decorative 
Painting and the Arts. By Gborob Fibld. New Edition, enlaxired and 
adapted to the Use of the Ornamental Painter and Designer. By Elus A. 
Davidson. With two new Coloured Diagrams, &c. 33.^ 

S46. A DICTIONARY OF PAINTERS, AND HANDBOOir FOR 
PICTURE AMATEURS ; including Methods of Painting, Cleaning, Re- 
lininff and Restoring, Schools of Painting, &c. With Notes on the Copyists 
and imitators of each Master. By Philippb Daryl. 2s. 6d.{ 

The t indtcates that these vols, nuiy he had strongly bound at 6d, extra, 
7, STATIONERS' HALL COURT, LUDGATE HILL, E.C. 



I a wbalb's rudimbntary series. 

INDUSTRIAL AND USEFUL ARTS. 

23. BRICKS AND TILES, Rudimentary Treatise on the Manuiae- 

tare of. By E. Dobson, M.R.I.B J^. Illustrated, 334 
67. CLOCKS, WATCHES, AND BELLS, a Rudimentary Treatfae 

on. By Sir Edmund Bbckbtt, LL.D.y Q.C. Seventh Edition, revised and tnr 

lareed. 4 s. 6d. limp ; 5s. 6d. cloth boards. 

83**. CONSlRUCiION OF DOOR LOCKS. Compiled from the 
Papers of A. C. Hobbs, and Edited by Charlbs Tomunson, F.R.S. ss. 6d. 

162. THE BRASS FOLNDER*S MANUAL; Instructions for 
Modelling, Pattern-Making. Moulding, Turning, Filing, Bumishiag^ 
Bronxing, &c. With copious Receipts, &c. By Waltbr Graham. as4 

205. IHE AR'i OF LE2TER PAINTING MADE EASY. Bjr 
T . G. Badbnoch. Illustrated with 12 full -page Engravings of Examples, is. 6a. 

215, THE G0LDSMJ7IPS HANDBOOK, containing fuU Instruc- 
tions for the AUojring and Working ot Gold. By Gborob £. Gbb, 3S.I 

225. THE SILIERS^ITIPS HANDBOOK, contaming fiiU In- 
structions for the Alloying and Working of Silver. By Gborgb E. Gbb. jt.l 
%* The two preceding Works, in One handsome Vot.., half-bound, entitled "TBI 
Goldsmith's & Silvbrsmith's Complbtb Handbook,*' yx. 

249. THE HALLMARKING OF JEWELLERY PRACTICALLY 
CONSIDERED, By Gborob E. Gbb. ts.t 

224. COACH BUILDING, A Practical Treatise, Historical and 
Descriptive. By J. W. Burobss. ss. 6d.t 

235. PRACTICAL ORGAN BUILDING. By W. E. DiCKSON, 
M.A., Precentor of Ely Cathedral. Illustrated, ss. 6d.t 

262. THE ART OF BOOT AND SHOEMAKING. By JOHM 

Bbdford Lbno. Numerous Illustrations. Third Edition, as. 

263. MECHANICAL DENTISTRY: A Practical Treatise on the 

Construction of the Various. Kinds of Artificial Dentures, with FormnlsB, 
Tahles, Receipts, &c. By Charlbs Huntbr. Third Edition. 3S.t 
270. WOOD ENGRAVING: A Practical and Easy Introduction to 
the Study of the Art. By W. N. Brown, is. 6d. 

MISCELLANEOUS VOLUMES. 

36. A DICTIONARY OF TERMS used in ARCHITECT URB, 
BUILDING, ENGINEERING, MINING, At E TALL URGY, ARCHM- 
OLOG\,the FINE ARTS, 6fc. ByJoHNWBALB. Sixth Edition. Revised 
by Robert Hunt, F.R.S. Illustrated. 5s. limp ; 6s. cloth boards. 
50. LABOUR CONTRACTS. A Popular Handbook on the Law of 
Contracts for Works and Services. By David Gibbons. Fourth Edition, 
Revised, with Appendix of Statutes by T. F. Utilby, Solicitor, 3s. 6d. cloth. 

112. MANUAL OF DOMES'iIC MEDiCINE. By R. GooDlHO, 
B.A., M.D. A Family Guide in all Cases of Accident and Emergency ts. 
Ii2», MANAGEMENT OF HEALTH. A Manual ol Home and 
Personal Hygiene. By the Rev. Jambs Baird, B.A. is. 

150. LOGIC, Pure and Applied. By S. H. Emmens. is. 6d. 

IS%. SELECTIONS FROM LOCKERS ESSAYS ON THE 
HUMAN UNDERSTANDING. With Notes by S. H. Emmbns. as. 

154. GEAERAL HiATS TO EMIGRANTS. 2s. 

157. THE EMIGRANTS GUIDE TO NATAL. By R. Mann. 2s. 

193. HANDBOOK OF FiELD FORTIFICATION. By Major 

\/. W. Knollys. F.R.G.S. With lejWoodcuts. 3s.t 

194. THE HOLSE MANAGER: Being a Guide to Housekeeping. 

Practical Cookery, Pickling and Preserving, Housdiold Work, l>aiiy 
Management, &c. By An Old Housbkbbpbr. 3s. 6d.t 

I94» HOUSE BOOK (The). Comprising:—!. Thr House Manaobx. 

1 12 & By an Old Housbkbbpbr. II. Domestic Mbdicinb. By R. Goodimo, M.D. 

112*. III. Managbmbnt of Hbalth. By J. Baird. In One Vol., half-bound, til. 

The X indicates thai these vols, may be had strongly bound at 6d. extra. 
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EDUCATIONAL AlH) CLASSICAL SERIES. 

HISTORY. 

I. England, Outlines of the History of; more especially with 

reference to the Oriein and Proness.of ti^e English Constitution. By 
WiLLiAii Douglas Hamilton, F.S.A., of Her Majesty'i Public Record 
Office. 4th Edition, revised. 5s. ; clotn boards, 60. 

5. Greece, Outlines of the History of; in connection with the 

Rise of the Arts and Civilization in Europe. By W. Douglas Hamilton, 
of University College, London, and Edward Lbvibn, M.A., of Balllol 
College, Oziord. as. 6d. ; cloth boards, 3s. 6d. 

7. Rome, Outlines of the History of: from the Earliest Period 

to the Christian Era and the Commencement of the Decline of the Empire. 
By Edward Lsvibn, of Balliol College, Oxford. Map, 2s. 6d. ; cl. bds. 3s. 6d. 

9. Chronology of History, Art, Literature, and Progress, 

from the Creation of the World to the Present Time. The Continuation by 
W. D. Hamilton, F.S Jl. 3s. ; cloth boards, 3s. 6d. 



ENGLISH LANGUAGE AND MISCELLANEOUS. 

11. Grammar of the English Tongue, Spoken and Written. 

With an Introduction to the Study of Comparative Philology. By Hydb 
Clarkb, D.CL. Fifth Edition, is. 6d. 

12. Dictionary of the English Language, as Spoken and 

Written. Containing above xoo,ooo Words. By Hydb Clarkb. D.C.L. 
3s. 6d. ; cloth boards, 4s. 6d. ; complete with the Grammar, cloth bos., 5s. 6d. 

48. Composition and Punctuation, familiarly Explained for 

, those who have neglected the Study of Grammar. By Justin Brbnan. 
i8th Edition, is. 6d. 

49. Derivative Spelling-Book: Giving the Origin of Every Word 

from the Greek, Latin, Saxon, Grerman, Teutonic, Dutch, French, Spanish, 
and other Languages ; with their present Acceptation and Pronunciation. 
' By J. RowBOTHAM, F.R.A.S. Improved Edition, is. 6d. 

The Art of Extempore Speaking : Hints for the Pulpit, the 

Senate, and the Bar. By M. Bautain, Vicar- Greneral and Professor at the 
Sorbonne. Translated from the French. 8th Edition, carefully corrected. as.6d. 

53. places and Facts in Political and Physical Geography, 

for Candidates in Examinations. By the Rev. Edgar >Rand, B.A. is. 

54. Analytical Chemistry, Qualitative and Quantitative, a Course 

of. To which is prefixed, a Brie/Treatise upon Modem Chemical Nomencla- 
ture and Notation. By Wm. W. Pink and Gborob E. Wbbstbr. 2s. 

THE SCHOOL MANAGERS' SERIES OF READING 

BOOKS, 

Edited by the Rev. A. R. Grant, Rector of Hitcham, and Honorary Canon of Ely; 

formerly H.M. Inspector of Schools. 
Introductory Primbr, 3^. 

«. d» 

First Standard . .06 
Sbcond ,. ..0x0 



Third . .10 



Fourth Standard ..it 

Fifth „ . . . • x 6 

Sixth „ . . . . x 6 

Lbssons from thb Biblb. Part I. Old Testament, is. 

Lbssons from thb Biblb. Part II. New I'estament, to which is added 
Thb Gbography of thb Biblb, for vt>rv young Children. By Rev. C. 
Thornton Forstbr. is. 2d. %• Or the Two Farts in One Volume, as. 

7, STATIONERS* HALL COURT, LUDGaTE HILL, K C. 
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FRENCH. 

24. French Grammar. With Complete and Concise Rules on the 

Genders of French Nouns.- By G, L. Strauss, Ph.D. is. 6d 

25. French-English Dictionary. Comprising a large number of 
./: New Tenns used m Engineering, Mining, &c. By Alfrbd Elwbs. M.6d. 

20. English- French Dictionary- By Alfred Elwks. is. 
25,26. French Dictionary (as above). Complete, m One VoL, xs. : 

cloth boards, 3s. 6d. V Or with the Grammar, cloth boards, 4s. 6d. 

47« French and English Phrase Book s containing Intro- 
ductory Lessons, with Translations, several Vocabularies'of Words" a Col- 
lection of suitable Phrases, and Easy Familiar Dialogues.' is. 6d. 

GERMAN. 

39. German Grammar. Adapted for English Students, from 

Heyse's Theoretical and Practical Grammar, by Dr. G. L. Strauss, is. 6d. 

40. German Reader : A Series of Extracts, carefully cuUed from the 

most approred Authors of Germanv; with Notes, Philological and Ex- 
planatory. By G. L. Strauss, Ph.D. is. 

41-43. German Triglot Dictionary. By N. E. S. A. Hamilton. 

In Three Parts. Part I. German-French-English. Part II. £nglish-G«r- 
man-French. Part III. French-German-English. 3s., or cloth boards, 4s. 

J 1-43 German Triglot Dictionary (as above), together with German 
; 39. Grammar (No. 39), in'One Volume, cloth boards, 5s. 

ITALIAN. 

27. Italian Grammar, arranged in Twenty Lessons, with a Course 

of Exercises. By Alfred Elwxs. is. 6d. 

28. Italian Triglot Dictionary, wherein the Genders of all the 

Italian and French Nouns are carefully noted down. By Alfrbd Elwss. 
Vol. X. Italian-English-French. 2s. 6d, 

30. Italian Triglot Dictionary. By A. Elwes. Vol 2. 

English-French-Italian. 2S. 6d. 

32. Italian Triglot Dictionary. By Alfred Elwes. Vol. 3, 

French-Italian-English. 2s. 6d. 

28,30, Italian Triglot Dictionary (as above). In One Vol., 7s. 6d. 

32. Clo h boards. 

SPANISH AND PORTUGUESE. 

34. Spanish Grammar, in a Simple and Practical Form, With 

a Course of Exercises. By Alfrbd Elwes. is. 6d. 

35. Spanish-English and English-Spanish Dictionary. 

Including a large number of Technical Terms used in Mining, Engineering, &c. 
with the proper Accents and the Gender of every Noun. By Alfrbd Elwbs 
4S. ; cloth boards, 5s. %* Or with the Grammar, cloth boards, 6s. 

55. Portuguese Grammar, in a Simple and Practical Form. 

With a Course of Exercises. By Alfred Elwbs. is. 6d. 

56. Portuguese-English and English-Portuguese Dic- 

tionary. Including a large number of Technical Terms used in Mining, 
Kngineering, &c., with the proper Accents and the Gender of every Noun. 
Bv Ai.FKKD Elwbs. Third Edition, Revised, 5s. ; cloth boards, 68. %• Or 
uith the Grammar, cloth boards, 7s. 

HEBREW. 

46*. Hebreiv Grammar. By Dr. Bresslau. is. 6d. 
44. Hebreiv and English Dictionary, Biblical and Rabbinical; 

containing the Hebrew and Chaldee Roots of the Old Testament Post- 
Rabhinical Writinsrs. ^y Dr. Brbsslau. 6s. 

46. English and Hebrew Dictionary. By Dr. Bresslau. 3s. 
44,46. Hebreiv Dictionary (as above), in Two Vols., complete, with 

^•. the (trammar. cloth boards. t2r 
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LATIN. 

19. Latin Grammar. Containing the Inflections and Elementary 

Principles of Translation and Construction. By the Rev. Thomas Goodwin, 
MJ^., Head Master of the Greenwich Proprietary School, is. 6d. 

20. Latin-English Dictionary. By the Rev. Thomas Goodwin, 

M.A. 2s. 
««. English-Latin Dictionary ; together with an Appendix of 

French and Italian Words which have their origrin from the Latin. By the 
Rev. Thomas Goodwin, M.A. is. 6d. 
20,22. Latin Dictionary (as above). Complete in Ome Vol., 3s. 6d. 
cloth boards, 4s. 6d. *'«* Or with the Grammar, cloth boards, 5s. 6d. 
LATIN CLASSICS. With Explanatory Notes in English. 

1. Latin Delectus. Containing Extracts from Classical Authors^ 

with Genealogical Vocabularies and Explanatory Notes, by H. Youno. is. 6d: 

2. Gaesaris Commentarii de BeUo Gallico. Notes, and a Geographical 

Register for the Use of Schools, by H. Youno. 2s. 

3. Cornelius Nepos. With Notes. By H. Young, is. 

. 4. Virgilii Maronis Bucolica et Georgica. With Notes on the Buco- 
lics by W. RusHTON, M.A., and on the Georgics by H. Young, is. 6d. 

5. Virgilii Maronis .5i)neis. With Notes, Critical and Explanatory, 

b^ R. Youno. New Edition, revised and improved With copious Addi- 
tional Notes by Rev. T. H. L. Lbary, D.C.L., formerly Scholar of Brasenose 
College, Oxford. 3s. 

<• Part I. Books i. — ^vi., is. 6d. 

5** Part 2. Books vii.— xii., 2S. 

6. Horace; Odes, Epode, and Carmen Saeculare. Notes by H. 

Youno. is. 6d. 

7. Horace ; Satires, Epistles, and Ars Poetica. Notes by W. Brown- 

RiGo Smith, M.A., F.R.G.S. is. 6d. 

8. Sallustii Crispi Catalina et Bellum Jugmthinum. Notes, Critical 

and Explanatory, by W. M. Donnb, B.A., Trin. Coll., Cam. is. 6d. 

9. Terentii Andria et Heautontimorumenos. With Notes, Critical 

and Explanatory, by the Rev. Jambs Davibs, M.A. is. 6d. 

10. Terentii Adelphi, Hecyra, Phormio. Edited, with Notes, Critical 

and Explanatory, by the Rev. Jambs Davibs, M.A. as. 

11. Terentii Eunuchus, Comoedia. Notes, by Rev. J. Daviss, M.A 

IS. 6d. 

12. Ciceronls Oratio pro Sexto Roscio Araerino. Edited, with an 

Introduction, Analysis, and Notes, Explanatory and Critical, by the Rev, 
Jambs Davibs, M.A. is. 6d. 

13. Ciceronls Orationes in Catilinam, Verrem, et pro Archia. 

With Introduction, Analysis, and Notes, Explanatory and Critical, by Rev. 
T. H. L. Lbary, D.C.L. formerly Scholar of Brasenose Collie, Oxford. 
IS. 6d. 

14. Ciceronls Cato M ajor, Laelius, Brutus, sive de Senectute, de Ami- 

citia, de Claris Oratoribus Dialogi. With Notes by W. Brownrioo Smith 
M.A., F.R.G.S. as. 

16. Livy s History of Rome. Notes by H. Young and W. B. Smith, 

M Jl. Part I. Books i., ii., is. 6d. 

i6*. — Part 2. Books iii., {v.^ v., is. 6d. 

17. Part 3. Books zxi., xxii., is. 6a. 

19. Latin Verse Selections, from Catullus, Tibullus, Propertiusi 

and Ovid. Notes by W. B. Donnb, M.A., Trinity College, Cambridge, at. 

20. Latin Prose Selections, from Varro, Columella, Vitnivius, 

Seneca, Quintilian, Florus, Velleius Paterculus, Valerius Maximus Sueto- 
nius, Apuleius, &c. Notes by W. B. Donnb, M.A. 2s. 

21. Juvenalis Satirae. With Prolegomena and Notes by T. H. S. 

EscoTT, B.A , Lecturer on Lo^ic at King's Colleg^e, London, as. 
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14. Greek Grammar, in accordance with the Princiules and Philo- 
logical Researches of the most eminent Scholars of our own day. By Haks 
Claudb Hamilton, is. 6d. 

15,17. Greek Lexicon. Containing all the Words in General Use, with 
their Siiniifications, Inflections, and Doubtful Quantities. ' By Hbnry R. 
Hamilton. Vol. 1. Greel -English, 2s. 6d. ; Vol. 2. English-Greek, at. Or 
the Two Vols, in One, 4s. 6d. : cloth boards, 5s. 

14,15. Greek Lexicon (as above). Complete, with the Grammar, in 

17. One Vol., cloth boards, 60. 

GREEK CLASSICS. With Explanatory Notes m EngUsh. 
I. Greek Delectus. Containing Extracts from Classical Authors, 
with Genealogrical Vocabularies and Explanatory Notes, byH. Youno. New 
Edition, with an improved and enlarged Supplementary Vocabulary, by JOHM 
Hutchison, M.A., of the High School, Glasgow, zs. 6d. 
s, 3. Xenophon's Anabasis ; or, The Retreat of the Ten Thousand. 
Notes and a Geographical Register, by H. Young. Part i. Books i. to iii., 
IS. Part 2. Books iv. to vii., is. 

4« Lucian's Select Dialogues. The Text carefully revised, with 

Grammatical and Explanatory Notes, by H. Youno. zs. 6a. 

5-12. Homer, The Works of. According to the Text of Baeumlein. 

With Notes, Critical and Explanatory, drawn from the best and latest 

Authorities, with Preliminary Observations and Appendices, by T. H. L> 

Lbary, M.A., D.C.L. 

Tm lUAD : Part z. Books i. to vi.^ is.6d. Part 3. Books xiii. to xviii., zs. 6d 

Part a. Books vii. to zii., zs. 6d. Part 4. Books ziz. to xziv., is. 6d. 

Tbs Odyssbt: Part z. Books i. to vi., zs. 6d Part 3. Books xiii. to xviii., zs. 6d. 

Part 2. Books vii. to xii., zs. 6d. Part 4. Books xix. to xxiv., and 

Hymns, 2s. 
13. Plato's Dialogues : The Apology of Socrates, the Crito, and 
the Phaedo. From the Text 01 C. F. Hermann. Edited with Notes, Critical 
and Explanatory, by the Rev. Jambs Davibs, M.A. 2s. 
14-17. Herodotus, The History of, chiefly after the Text of Gaisford. 
With Preliminary Observations and Appendices, and Notes, Critical and 
Explanatory, by T. H. L. Lbary. M.A., D.C.L. 

Part z. Books i., ii. (The Clio and Euteme), 2s. 

Part 2. Books iii., iv. (The Thalia and Alelpomene), 2S. 

Part 3. Books v. -vii. (The Terosichore, Erato, and Polymnia), 2s. 

Part 4. Books viii., ix. (The Urania and Calliope) and Index, zs. 6d. 

18. Sophocles : CEdipus Tyrannus. Notes by H. young, is. 

so. Sophocles: Antigone. From the Text of Dindorf. Notes, 
Critical and Explanatory, by the Rev. John Milnbr, B.A. 2s. 

13. Euripides : Hecuba and Medea. Chiefly from the Text of Din- 
dorf. With Notes, Critical and Explanatory, by W. Brownrioo Smith, 
M.A., F.R.G.S. zs. 6d. 

»6. Euripides : Alcestis. Chiefly from the Text of Dindorf, With 
Notes, Critical and Explanatory, by John Milnbr, B.A. zs. 6d. 

30. ^^schylus : Prometheus Vmctus : The Prometheus Bound. From 
the Text of Dindorf. Edited, with English Notes, Critical and Explanatory, 
by the Rev. Jambs Davibs, M.A. zs. 

3a, -^schylus : Septem Contra Thebes : The Seven against Thebes. 
From the Text of Dindorf. Edited, with English Notes, Critical and Ex- 
planatory, by the Rev. Jambs Davibs, M J^. zs. 

40. Aristophanes ; Achamians. Chiefly from the Text of C. H 

Wbisb. With Notes, by C. S. T. Townshbnd, M.A. zs. 6d. 

41. Thucydides : History of the Peloponnesian War. Notes by H. 

Youno. Book z. zs. 6d. j t i. 

42. Xenophon's Panegyric on Agesilaus. Notes and Intro- 
duction by Ll. F. W.Jbwitt. M.6d. . 

43. Demosthenes. The Oration on the Crown and the Phihppics. 
With English Notes. By Rev. T. H. L. Lbary, D.C.L., formerly Scholar of 
Bras enose College, Oxford, zs. 6d. 
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2>. K. Clark^H Pocket-Bootc for Mechanical Engineers. 

THE MECHANICAL ENGINEER'S POCKET-BOOK OP 
TABLES, FORMULjE, RULES AND DATA. A Handy Book of Referenca 
for Daily Use in Engineering Practice. By D. Kin near Clark, M.Inst.C.E., 
Author of " Railway Machinery," " Tramways," &c. Second Edition, Re- 
vised and Enlarged. Small 8vo, 700 pages, 9s. bound in flexible leather covers, 
with rounded corners and gilt edges. 

Summary of Contents. 
Mathematical Tables. — Measurement of Surfaces and Solids.— 
English Weights and Measures.— French Metric Weights and Mea- 
sures.— Foreign Weights and Measures.— Moneys. — Specific Gravity 
Weight and Volume — Manufactured Metals. — Steel Pipes,— Bolts and 
Nuts. — Sundry Articles in Wrought and Cast Iron. Copper, Brass, Lead, 
Tin, Zinc. — Strength of Materials. — Strength of Timber. — Strength of 
Cast Iron. — Strength of Wrought Iron. — Strength of Steel. — ^Tensils 
Strength ok Copper, Lead, etc. — Resistance of Stones and other Build- 
ing Materials. — Riveted Joints in Boiler Plates.— Boiler Shells- — Wirb 
Ropes and Hemp Ropes.— Chains and Chain Cables.— Framing. — Hardness 
of Metals, Alloys and Stones. — Labour of Animals.— Mechanical Prin- 
ciples. — Gravity and Fall of Bodies. — Accelerating and Retarding 
Forces.— Mill Gearing, Shafting, etc. — Transmission of Motive Power.— 
Heat. — Combustion: Fuels. — Warming, Ventilatio."*, Cooking Stoves.— 
Steam. — Steam Engines and Boilers. — Railways — Tramways — Steam 
Ships. — Pumping Steam Engines and Pumps. — Coal Gas, Gas Engines, etc.— 
Air in Motion. — Compressed Air.— Hot Air Engines. — Water Powbk — 
Speed of Cutting Tools. — Colours. — Electrical Engineering. 

*♦* Opinions of the Press. 

" Mr. Clark manifests what is an innate perception of what is likely to be useful In a pocket* 
book, and he is really unrivalled in the art of condensation. Very frequently we find the informa- 
tion on a s^ven subject is supplied by dfivtns^ a summary description of an ex{>eriment. and a state* 
ment of t^e results obtained. There is a very excellent steam table, occupvint; five and<a-half 
pas;es ; and there are rules gfiven for several calculations which rules cannot be found in other 
pocket-books, as, for example, that on pa^e 497, for getting at the q'lantity of w^ter in the shape 
of priming in any kaown weight of steam. It is very difficult to hit up m any mechaaical.eng^ineer- 
in? subject concerning: which this work supphes no mformation, and the excellent index at the end 
adds to its utility. In one word, it is an exceedingly handy and efficient tool, possessed of which 
the engineer will be saved many a wearisome calculation, or yet mere wearisome hunt through 
various text>books and treatises, and, as su:h. we can heartily recommend it to our readers, 
who must not run away with the idea that Mr. Clark's Pocket-book is only Molesworth in another 
form. On the contrary, each contains what is not to be found in the other : and Mr. CUrk takoi 
more room and deals at more length with many subjects than Molesworth possibly could." 

" It would be found difficult to compress more matter within a similar compass, or produce a 
book of 65c pages which should be more compact or convenient for pocket reference. . . . 
Will be appreciated by mechn^ical engineers of all classes." — Practical Engineer. 

" Just the kind of work that practical men require to have near to ch«Mu."— /snf /<jA Meckam4i 

B 
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Handbook for Works* Managers. 

THE WORKS* MANAGER'S HANDBOOK OP MODERN 
RULES, TABLES, AND DATA. For Engineers, Millwrights, and Boiler 
Makers; Tool Makers, Machinists, and Metal Workers; Iron and Brass 
Founders, &c. By W. S. Hutton, Civil and Mechanical Engineer, Author 
of "The Practical Engineer's Handbook." Fifth Edition, carefully Re- 
vised, ^rith Additions. Id One handsome. Volume, medium ^^vo, price 155. 
strongly bound. {Just published, 

tStr The A uthor having compiled Rules and Data for his own use in a grtta 
wariety of modem engineering work, and having found his notes extremely useful, 
decided to publish them — revised to date — believmg that a practical work, suited to 
(/m DAILY REQUIREMENTS OF MODERN KVGivEERS, would be favoutably received. 

In the Fourth Edition the Fnst Section has been re-written and improved by the 
cddition of numerous Illustratioits and new matter relating to Steam EwCriNES and 
Gas Engines. The Second Section has been enlarged att a Illustrated, and through- 
out the book a great number of emendations and alterations have been made, with the 
object of rendering the book more generally useful. 

*»* Opinions of the Press. 
"The author treats eveiy subject from the point of view of one who has coDected workshop 
notes for application in workshop crac^'"^, rather than from the theoretical or literary aspect. The 
volume contains a great deal or tliat Ktii:i \y{ informatioii which Is gaioed only by practical experi* 
•oce. and is seldom written in books." — Engineer, 

"The volume is an exceedin^^ly useful one. brfanfiil with engflneers' notes, memoranda, and 
ffules, and well worthy of bein^ on every mechanical ensfineer's bookshelf. "^A/^/'AaM^a/ World, 

" The information is precisely that likely to be required in practice. . . . The work forms a 
desirable addition to the library not only of the works' manager, but of anyone connected with 
general engineering." — Mining^ yournai. 

"A formidable mass of facts and figures, readily accessible through an elaborate Index 
.... Such a volume will be found absolutely necessary as a book of reference in all sorts 
of 'works' connected with the metal trades." — Ryland's Iron TrtuUs Circular. 

" Brimful of useful information, stated in a concise 'orm, Mr. Hutton's books have met a oress. 
ng want among engineers. The book must prove extremely usefiil to every practical man 
possessing a cox>y." —Practiral Eng^nter. 

New Manual for J^ractical Engineers* 

THE PRACTICAL ENGINEER'S HAND-BOOK. Comprising 
a Treatise on Modern Engines and Boilers: Marine, Locomotive and Sta- 
tionary. And containing a large collection of Rules and Practical Data 
relating to recent Practice in Designing and Constructing all kinds of 
Engines, Boilers, and other Engineering work. The whole constituting a 
comprehensive Key to the Board of Trade and other Examinations ior Certi- 
ficates of Competency in Modern Mechanical Engineering. By Walter S. 
Hutton, Civil and Mechanical Engineer, Author of "The Works* Manager*s 
Handbook for Engineers," &c. With upwards of 370 Illustrations. Fourth 
Edition, Revised, with Additions, Medium 8vO| nearly 500 pp., price 185. 
Strongly bound. 

IS^ This work is designed as a companion to the Author's "Works' 
Manager's Hand-book." It possesses many new and original features, and con^ 
tains, like its predecessor, a quantity of matter not originally intended for publico- 
Hon, but collected by the author for his own use in the construction of a great variety 
0/ Modern Engineering Work. 

The information is given in a condensed and concise form, and is illustrated by 
upwards of 370 Woodcuts ; and comprises a quantity of tabulated matter of great 
value to ah engaged in dt signing, constructing, or estimating for Engines. Boilers, 
and other Engineering Work. 

*»* Opinions of the Press. 

" We have kept it at hand for several weeks, referring to it as occasion arose, and we ave not 
on a single occasion consulted its pages without finding the information of which we were in quest. 
— Athenaunt. 

" A thoroughly good practical handbook, which no engineer can go through without kamhig 
something that will be of service to Yam."— Marine Engineer. 

"An excellent book of reference for engineers, and a valuab'e text-book for students 01 
engineering." — Scotsman. 

" This valuable maaual embodies the results and experience of the leading authorities on 
mechanical engineering."— iS«t/rff«^ News. 

" The author has collected together a surprising quantity of rules and practical data, and has 
fhown much judgment in the selections he has made. . . . There is no doubt that this book is 
one of the most useful of its kind published, and will be a very popular compendium."— £«^'Mc^r. 

" A mass of hitormation, set down in simple language, and in such a form that it can be easily 
referred to at any time. The matter is uniformly gooa and well chosen and is greatly elucidated 
by the illustrations. The book will find its way on to most engineers' sJielves, where it wOl rank as 
one pf the most useful books of reference."— /Vacfir a/ Engineer. 

'" Full of useful information and should be found on the office shelf of all pcactlcal engliieen. 
m^r.nglish Mechanic 
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MR. HUTTON'8 PRACTICAL HANDBOOKS'-continued. 

JPractical Treatise on Modem Steam-Boilers* 

STEAM-BOILER CONSTRUCTION. A Practical Handbook 
ior Engineers, Boiler- Makers, and Steam Users. Containing a large Cc 1- 
lection of Rules and Data relating to Recent Practice in the Design, Con- 
struction, and Working of all Kinds of Stationary, Locomotive, and Marine 
Steam- Boilers. By Walter S. Hutton, Civil and Mechanical Engineer, 
Author of "The Works' Manager's Handbook," "The Practical Engmeer's 
Handbook," &c. With upwards of 300 Illustrations. Second edition. 
Medium 8vo, i8s. cloth. 

VS^ This work is issued in continuation of the Series of Handbooks written 
by the Author, vis .-—"The Works' Manager's Handbook " and •• The Ppacti- 
CAL Engineer's Handbook," i&Atc/» are so highly appreciated by Engim^rs /or 
the practical nature of their information ; and is consequently written in the same 
style as those works. 

The Author believes that the concentration, in a convenient form for easy refer- 
ence^ of such a large amount of thoroughly practical information on Stcam-Boiiers, 
will be of considerable service to those for whom it is intended, and he trusts the boo» 
may be deemed worthy of as favourable a reception as has been accorded to its 
predecessors^ 

*«* Opinions of the Press. 

"Erery detail, both In boQer design and manai^rement, is clearly laid before the reader. The 
volume shows that boiler construction has been reduced to the condition of one of the most exact 
sciences ; and such a book is of the utmost value to the fin tU siicte Engineer and Works' 
lAanaMt."— Marine Engineer. 

" There has lons^ been room for a modern handbook on steam boilers ; there is not that reom 
now, because Mr. Hutton has filled it. It is a thoroughly practical book for tnoae who are occu> 
pied in the construction, desigrn. helection, or use of boilers."— £nr('>f''> 

" The book is of so important and comprehensive a character that it must find its way into 
the tibraries of everyone mterested in boiler using or boiler manufacture if they wish to be 
thoroughly informed. We strongly recommend the book for the intrinsic value of it* contents."— 
Machinery Market. 

" The value of this book can hardly be oyer-estimated. The author's rules, formulae, &C., ari 
all very fresh, and it is impossible to turn to the work and not fina what you want. No practl«:a> 
engineer should be without it."— Coiiiery Guardian, 

Hutton^ a ** Modernised Templeton*" 

THE PRACTICAL MECHANICS' WORKSHOP COM- 
PANION, Compriaing a ^eat variety of the most useful Rules and Formula» 
in Mechanical Science, with numerous Tables of Practical Data and Calcu- 
lated Results for Facilitating Mechanical Operations. By Willv^m Temple- 
ton, Author of "The Engineer's Practical Assistant," &c. &c. Seventeenth 
Edition, Revised, Modernised, and considerably Enlarged by Walter S. 
Hutton, C.E., Author of "The Works' Manager's Handbook," "The 
Practical Engineer's Handbook," &c. ' Fcap. 8vo, nearly 500 pp., with 8 
Plates and upwards of 250 Illustrative Diagrai^A, 6s., strongly botmd for 
workshop or pocket wear and tear. 

*** Opinions of the Press. 
" In Its modernised form Mutton's * Templeton 'should have a wide sale, fbr It contains mnch 
valuable information which the mechanic will often iind of use, and not a few tables and notes whlcL 
he might look for in vain in other works. This modernised edition will be appreciated by all who 
have learned to value the original editions of ' Templeton.' ' ^Eng'lish Mechanic. 

** It has met with great success in the engineering workshop, as we can testify t and tiiera are 
a great maiiy men who, in a great measure, owe their rise in life to this little \Mck^'—bMiiding Netut, 
" This famiUar text-book— well known to all mechanics and engineers— is of essential service t9 
the every-day requirements of engineers, millwrights, and the various trades connected witjs 
engineering and bull ^g. The new modernised wlition is worth its weight in gold."— ^m^<>V 
I J^ewt. (Second Notice.) 

\ " This well-known and largely- used book contafais information, brought up to date, of the 

sort so useful to the foreman and draughtsman. So much fresh information has been introduced 
as to constitute it practically a new book. It will be largely used in the office and workshop."-* 
Mechanical tVnrid. 

" The publishers wisely entrusted the task of revision of this popular valuable, and useful book 
to Mr. Hutton, than whom a more competent man they could not have found."— //"on. 

Templeton's Engineer's and Machinist's A,ssistant. 

THE ENGINEER'S, MILLWRIGHT'S, and MACHINIST'S 

PRACTICAL ASSISTANT. A collection of Useful Tables, Rules and Data. 

By W11.UAM Templeton. 7th Edition, with Additions. i8mo, as. 6d, cloth. 

*»• Opinions of the Press. 

" Occupies a foremost place among books of this kind. A more suksble present to an appren- 
tice to any of the mechanical trades could not possibly N* made."— ffi< tf < W » y A^ews, 

"A deservedly popular work. It should be in the ' dtawer ' of every mechanic."- English 
Mechanic, 
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Foley's Office Reference Book for Mechanic€€i 
JSnginetmf. 

THE MECHANICAL ENGINEER'S REFERENCE BOOK, 
ficnr Machine and Boiier Construction. In Two Parts. Part I. Gbnbrax. 
Engineering Data. Part II. Boiler Construction. With 51 Plates and 
nameron« T1)n«rrations. By Nrlson Folry. M.I.N.A. Second Edition, 
Revised throughout and much Enlarged. Folio, £3 3s. net ha'f-honp'*. 

Summary of Contents. ijust pubttshed. 

PART I. 



Measures. — Circumferences and 
Areas, &c., Squares, Cubes, Fourth 
Powers. — Square andCube Roots.— 
Surface of Tubes— Reciprocals. — 
Logarithms. — Mensuration. — Spe- 
cific Gravities and Weights. — 
Work AND Power. — Heat.— Combus- 
tion. — Expansion and Contraction. 
— Expansion of Gases. — Steam. — 
Static Forces.— Gravitation and 
Attraction. — Motion and Computa- 
tion of Resulting Forces. — Accu- 
mulated Work.— Centre and Radius 



of Gyration. — Moment of Inertia. 
— Centre of Oscillation.— Elec- 
tricity. — Strength of Materials. 
—Elasticity. — Test Sheets ok 
Metals.— Friction. — Transmission 
of Power. — Flow of Liquids.— Flom^ 
OF Gases. — Air Pumps, Surface Con- 
densers, &c. — Speed of Steamships. 
—Propellers. — Cutting Tools. — 
Flanges. — Copper Sheets and 
Tubes. — Screws, Nuts, Bolt Heads, 
&c. — Various Kecipes and Miscel- 
laneous Matter. 



With DIAGRAMS for Valve-Gear, Belting and Ropes, Discharge and 
Suction Pipes, Screw Propellers, and Copper Pipes. 

PART II. 



Riveting. — Boiler Setting, Chim- 
neys, AND Mountings. — Fuels, Ac- 
Examples OF Boilers and Speeds of 
Steamships. — Nominal and Normal 
Horse Power. 



Treating of. Power of Boilers. — 
Useful^ Ratios. — Notes on Con- 
struction. — Cylindrical Boiler 
Shells. -^ Circular Furnaces. — 
Flat Plates. — Stays. — Girders.— 
Screws. — Hydraulic Tests. — 

With DIAGRAMS for all Boiler Calculations and Drawings of many 
Varieties of Boilers. 

*♦* Opinions of the Press. 

" The book is one which every mechanical eng^ineer xnav, with advantage to himself add to 
his ]ihTKry."— Industries. 

"Mr. Foley is well fitted to compile such a work. . . . The diagrams are a great feature 
of the work. . . . Regarding the whole work, it may be very fairly stated that Mr. holey has 
p.oduced a volume which will undoubtedly fulfil the desire of the author and become indispen- 
Mb^<e to ail mechanical engineers." — Marine Engineer. 

** We have carefully examined this work, and pronounce it a most excellent reference book 
Cor the use of marine engineers." — youmal 0/ American Society 0/ Naval Engineers. 

" A veritable monument of industry on the part of Mr. Fole>, who has succeeded in producing 
what is simply invaluable to the engineering profession." — Steamship, 

Coal and Speed Tables. 

A POCKET BOOK OF COAL AND SPEED TABLES, for 
Engineers and Steam-users. By Nelson Foley, Author of " The Mechanical 
Engineer's Reference Book." Pocket-size, 3s. 6d. cloth. 

"These tables are designed to meet the requirements of every-day use : they are of suffi- 
cient scope for most practical purposes, and may be commended to engineerh and users of 
i.y— /rt«» 



" This pocket-book well merits the attention of the practical engineer. Mr. Foley has com- 
piled a very useml set of tables, the information contained In wmch is frequently required by 
engineess, coal consumers and users of steam."— /r0» and Coal Trades Review, 

Steam Engine. 

TEXT-BOOK ON THE STEAM ENGINE, With a Sup- 
plement on Gas Engines, and Part II. on Heat Engines. By T. M. 
Goodeve, M.A., Barrister-at Law. Profes«or of Mechanics at the Royal 
College of Science. London; Author of "The Principles of Mechanics," 
" The Elements of Mechanism." &c. Twelfth Edition, Enlarged, ^itli nu- 
meroas Illustrations. Crown 8vo. 6s. cloth. 
"Professor Goodeve has given us a treatise on the steam engine which win beer comparison 

w th anvthinir written by Huxley or Maxwell, and we can«ward it no hii^her pniiM." —p.n<r,tu*^. 
" Mr. Goodnve's text-book is a work of which every young engineer should possess hiib»c!t." 

^Mining youmoL 
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Gas Engines* 

ON GAS-ENGINES, With Appendix describing a Recent 

Engine with Tube Igniter. By T. M. Goodbvb, M.A. Crown 8vo, as. td, 

cloth. [Jwt published, 

" Like an Mr. Goodeve's writings, the present is no exception In point of general excellence. 

It is a valuable little volume."— i/«c«a»(«a/ H^crUU 

Steam Engine Design* 

A HANDBOOK ON I HE STEAM ENGINE, with especial 
Reference to Small and Medium-sized Engines. For the Use of Engine- 
Makers, Mechanical Draughtsmen, Engineering Students and Users of Set- am 
Power. By Herman Haeder, C.E. English Edition, Re-edited by the 
Author from the Second German Edition, and Translated, with considerable 
Additions and Alterations, bv H. H. P. Powles, A.M.I.C.E., M.I.M.E. With 
nearly i,ioo Illustrations. Crown 8vo, gs. cloth 

" A perfect encyclopaedia of the steam erigine and its details, and one which must take a per* 
manent place in Engl sh drawing'-offices and workshops." — A ho eman Pattern-maker. 

" This is an excellent boolc, and should be in the hands of all who are interested in the con- 
struction and desiifn of medium-sined stationary engines. ... A careful study of its contents 
and the arrantjeraent of the sections leads to the conclusion that tnere is probably no other lx)ok 
lilce it in this country. The volume aims ht showing the resiiKs of practical experience, and it 
certainly may claim a complete achievement of this idea.."— Nature. 

" Tbere can be no question as to its value. We cordially cnmmend it to all concerned in the 
design and construction of the steam engine."— Jt/iecAanM-o/ U'orid. 

Hteatn Boilers* 

A TREATISE ON STEAM BOILERS: Their Strength, Con- 
structioH, and Economical Working, By Robert Wilson, C.B. Fihh Edition. 
i2mo, 65. cloth. 

"The best treatise that has ever been published on steam b<M!en."^St$ginur, 
"The author shows himself perfect master of his subject, and we heartily recommend all em 
ploying steam power to possess themselves of the wo^"—IiylaMd't iron IVmde Circular, 

Boiler Chimneys* 

BOILER AND FACTORY CHIMNEYS; Their Draught-Power 
and Stability, With a Chapter on Lightning Conductors. By Robert 
Wilson, A.I.C.E., Author of "A Treatise on Steam Boilers," &c. Second 
Edition. Crown 8vo, 31. 6d. cloth. 
" A valuable contribution to the literature of scientific buUdhig."— rA< Builder, 

Boiler Making. 

THE BOILER-MAKER'S READY RECKONER ^ ASSIST- 
A NT. With Examples of Practical Geometry and Templating, for the Use 
of Platers, Smiths and Riveters. By John Courtney. Edited by D. K. Clare, 
M.I.C.B. Third Edition, 480 pp., with i4oIllusts. Fcap. 8vo, 7s. half-bound. 
" No workman or apprentice should be without this t>ook."->/r0/« Ft ode Circular, 

Locomotive Engine Development, 

THE LOCOMOTIVE ENGINE AND ITS DEVEI OPMENT, 
A Popular Treatise on the Gradual Improvements made in Rail\way Engines 
between 1803 and 1894. Bv Clement E. Stretton, C.E., Author of '* Sa^e 
Railway Working," &c. Third bdition. Revised and Enlarged. With 95 
Illustrations. Crown 8vo, 2S. 6d, clotti gilt. [Just published. 

" Students of railway history and all who are interested in the evolution of the modern locomo- 
tive will find much to attract and entertain in this volume." — 7 he Times. 

" The author of this work is well known to the railway world, and no one probably has a 
better knowledge of the histury and development of the locomotive. The volume btfoie 1 1 
sbouid be of value te all connected with the railway system of this country."— Nature. 

Estimating for Engineering Work, d^c. 

ENGINEERING ESTIMATES, COSTS AND ACCOUNTS: 
A Guide to Commercial Engineering. With numerous Examples of Esti- 
mates and Costs of Millwright Work, Miscellaneous Productions, Steam 
Engines and Steam Boilers ; and a Section on the Preparation of Costs 
Accounts. By A General Manager. Demy 8vo, 12s. cloth. 
" This is an excellent and very useful book, covering subject-m tter in constant requisition In 

•vrry factory and worlcshop. . . . The bo^k is invaluable, not only to the young engineer, but 

sJm> to the estimate department of every works."— Builder. 

" We accord the work unqualified praise. The mformatinn is given in a plain, straightforward 

oianner. and bears throughout evidence of the intimate r>ractical acquaintance of the author with 

every phase of commercial engineering."— il/c^Aansro/ IVorld. 
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Fire Engineering* 

FIRES, FIRE-ENGINES, AND FIRE-BRIGADES. With 
a History of Fire-Engines, their Construction, Use, and Management; Re- 
marks on Fire-Proof Buildings, and the Preservation of Life from Fire ; 
Statistics of the Fire Appliances in English Towns ; Foreign Fire Systems ; 
Hints on Fire Brigades, &c. &c. By Charles F. T. Youmq, CB. With 
numArons Illustrations. 544 PP-. demy 8vo, £1 4s. cloth. 
" To those interested in the subject of fires and fire apparatus, wa most heartily commend tUs 

book. It is the only English work we now have uoon the subiect."— Etiigineering: 

" It displays much evidence ot careiul research ; and Mr. Young has put his facts neatly 

tif^ther. His acquaintance with the practical details of the coostrucHon ot steam fire engines, 

o'd and new, and the conditions with which it is necessary they should comply, is accurate and 

f\}!IL"— Engineer » 

Boilermaking. 

PLATING AND BOILERMAKING: A Practical Handbook 
for Workshop Operations. By a Foreman Pattern-Makbr. Author of 
" Pattern Making,*' &c. 380 pages, with 338 Illustrations. Crown 8vo, 
•»s. 6d. cloth. f Just published. 

" A. thoroughly practical, plainly-written treatise. The volume merits commendation. The 
author's long experience enables him to write with full knowledge of his subject."— CrVaj\2roa/ Herald. 

Engineering Construction. 

PATTERN.MAKING : A Practical TreaHse, embracing the Main 
Types of Engineering Construction, and including Gearing, both Hand and 
Machine made. Engine Work, Sheaves and Pulleys, Pipes and Columns, 
Screws, Machine Parts, Pumps and Cocks, the Moulding of Patterns in 
Loam and Greensand. &c., together with the methods of Estimating the 
weight of Castings: to which is added an Appendix of Tables for Workshop 
Reference. By A Foreman Pattern Maker. Second Edition, thoroughly 
Revised and much Enlarged. With upwards of 450 Illustrations. Crown 
8vo, 7$. 6d. c'oth. [Just published. 

" A. well-written technical guide, evidently written by a man who understanas and has prac- 

Osed what he has written about. . . . We ci>rdially recommend it to engineering students, young 

iouineymen. and others desirous of being initiated into the m>'Sreries of pattern-making." — Buiider. 
" More than 450 illustrations help to explam the text, which is, however, always clear and ex« 

pUcit, thus rendenng the work an excellent vade mecum for the apprentice who desires to become 

ouister 01 hto trade. '^^m^wA Mechanic. 

Diction ar^f of Mechanical Engineering Terms* 

LOCKWOOD'S DICTIONARY OF TERMS USED IN THE 
PR A CTICE OF MECHA NIC A L ENGINEERING, embracing those current 
in the Drawing Office, Pattern Shop, Foundry, Fitting, Turning, Smith's and 
Boiler Shops, dec. &c. Comprising upwards of 6,000 Definitions. Edited by 
A Foreman Pattern-Maker, Author of " Pattern Making." Second 
Edition, Revised, with Additions. Crown 8vo. 7s. 6d. cloth. 
" lust the sort of handy dictionary required by the various trades engaged In mechanical en- 

g n«(ermg. The practical engineering pupil will find the book of great value m his studies, and 

every foreman p>ngineer and mechanic should have a copy." — Buildinz News. 

'* Not merely a dictiouary, but, to a certain extent, also a most valuable guide. It strikes us as 

a lui >py idea to combine with a ddKnition of the phrase useful information on the subject of which 

it XxvtLX&."—M<tchinery Market. 

BliU Gearing. 

TOOTHED GEARING : A Practical Handbook for Offices and 
Workshops. By A Foreman Pattern Maker, Author of " Pattern Making," 
*' Lockwood's Dictionary of Mechanical Engineering Terms," &c. With 
184 Illustrations^ Crown 8vo, 65. cloth. {Just published. 

Summary of CoNtENTS. 



Chap. I. Principles.— II. Forma- 
tion OF Tooth Profiles. — III. Pro- 
portions OF Teeth.— iV. Methods 
OF Making Tooth Forms.— V. Invo- 
lute Teeth. — VI. Some Special 
Tooth Forms. — VII. Bevel Wheels. 
— VIII. Screw Gears. — IX. Worm 
Gears. — X. Helical Wheels. — XI. 

" We must give the book our anquaUfied praise for its thoroughness of treatment, and 

benrtiiv r-'com n«>nd it to all interested as the most practical book on the subject yet written."— 
MeJtanicai World. 



Skew Bevels. — XII. Variable and 
other Gears. — XIII. Diametrical 
Pitch. — XIV. The Odontograph.— 
XV. Pattern Gears. — XVI. Machine 
Moulding Gears. — XVII. Machine 
Cut Gears.— XVIII. Proportion of 
Wheels. 
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Stane^-working Machinery » 

STONE-WORKING MACHINERY, and the Rapid and Economi- 
cal Conversion of Stone, With Hints on the Arrangement and Manarement 
of Stone Worlcs. By M. Powis Bale, M.I.M.E. With Illusts. Crown «vo. gs, 
"The book should b« in tHe bands of «v«ry mason or student of $toa»-woxk."^CoiUefy 

" A capital handbook for all who manipulate stons for buUdine or ornamental purposes."— 
M ^kifusry Maritet. 

Bump Construction and Managements 

PUMPS AND PUMPING : A Handbook for Pump Users. Being 
No^es on Selection, Construction and Management. By M. Powis Balb. 
M.I. M.E.. Author of " Woodworking Machinery," *' Saw Mills," &c. Second 
Edition, Revised. Crown 8vo, 2S. 6d. cloth. 

"The matter is set forth as concisely as possible. In fact, condensation rather than diffuMnesi 
has been the author's aim throughout ; yet he does not seem to have omitted auythin^ likely to be 
of use." — youmalofGas Liehtinf. 

" Thoroughly practical and simply and clearly written."— (r/iw^iffie/ Herald, 

MiUing Machinery ^ etc. 

MILLING MACHINES AND PROCESSES: A Practical 
Treatise on Shaping Metals by Rotary Cutters, including Information on 
Making and Grinding the Cutters. By Paul N. Hasluck, Author of" Lathe* 
work," •* Handybooks for Handicrafts," &c. With upwards of 300 Engrav- 
ings, including numerous Drawings by the Author. Large crown 8vo, 35a 
pages, 125. 6d. cloth. 

" A new departure in engineering Bterature. . . . We can recommend this work to all 
Interested in milling machines ; it is what it professes to be— a practical treatise."— Utttr inter. 

" A capital and reliable book, which will no doubt be of considerable service, both to those 
who are already acquainted with the process as well as to those who contemplate its adoption." 

Jndttstries. 

Turning. 

LATHE-WORK : A Practical Treatise on the Toots, Appliances, 

and Processes employed in the Art 0/ Tuminfi. By Paul N. Hasluck, 

Fifth Edition, Revised and Enlarged Cr. 8vo, 5s. cloth. 

" Written by a man who knows, not only how work ought to be done, hut wno also knows how 
to do it, and how to convey his knowledge to others. To all turners this bonk would be valuable." 
SHfineering'. 

" We can safely recommend the work to young engineers. To the amateur it will stmply tw 
invaluable. To the student it will convey a great deal of useful information." — Enfinttr, 

Screw-Cutting* 

SCREW THREADS: And Methods of Producing Them. With 
Numerous Tables, and complete directions for using Screw-Cutting Lathes. 
By Paul N. Hasluck, Author of " Lathe- Work," &c. With Seventy-four 
Illustrations. Third Edition, Revised and Enlarged. Waistcoat-pocket size, 
IS. 6d. cloth. 
" Full of useful information, hints and practical criticism. Taps, dies and screwlng-tools gen«i 

rally are illustrated and their action described."— Afechanical tVorld. 

" It is a complete compendium of all the details of the screw cutting lathe ; in £act a fHitltMm' 

in parvo on all the subjects it treats upon." — Carpenter and Builder, 

Smithes Tables for Mechanics^ etc. 

TABLES, MEMORANDA, AND CALCULATED RESULTS, 
FOR MECHANICS, ENGINEERS, ARCHITECTS, BUILDERS, etc. 
Selected and Arranged by Francis Smith. Fifth Edition. thoron?hiy Revised 
and Enlarged, with a New Section of Electrical Tables, FoRMULiB, and 
Memoranda. Waistcoat-pocket size, is. 6d. limp leather. 

" It would, perhaps, be as difficult to make a small pocket-book selection of notes and fonaul* 
to suit ALL engineers as it would be to make a universal medicine ; but Mr. Smun's waistcoat- 
pocket collection may be looked upon as a successfiiT attempt."— Eneineer, 

"The best example we have ever seen of 970 psiges of useful matter packed Into tbe dtmei^ 
sinns of a czrd-case."— Bui/din^ News, " A veritable pocket treasury of knowledge. "-»/r«M. 

French' English Glossary for Engineers^ etc* 

A POCKET GLOSSARY of TECHNICAL TERMS: ENGLISH- 
FRENCH, FRENCH-ENGLISH ; with Tables suitable for the Architectural, 
Engineering, Manufacturing and Nautical Professions. By John Jambs 
Fletcher. Engineer and Surveyor. Second Edition, Revised and Enlarged, 
tnrt pp. Waistr.oat-pocket size, is. dd, limp leather. 
** It is a very great advantage for readers and correspondents in France and England to Oave - 
■o large a number of the words relating to engineering and man^^acturers collbctod m a Uliputlas  
volume. The little book will be useful both to students and tnveilers."— Architect. 

" The glossary of terms 1^ very coniplete, and many of the tables are new and well arr mg w L 
We cordiaUy commend the book, --MechaHieai JVarid, 
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1 ear-Book of Enffinetring FormulcBf d:c. 

THE ENGINEER'S YEAR-BOOK FOR 1895. Comprising 
FormulaB, Rules, Tables, Data and Memoranda io Civil, Mechanical, Elec- 
trical, Marine and Mine Engintering. By H. R. Kemps, A.M. Inst.C.E., 
M.I.E.E., Technical Officer of ihe Engineer-in-Chiet's Office* General Post 
Office. London. Author of "A Handbook of Electrical Testing," "The 
Electrical Engineer's Pocket- Book," &c. Wiih 750 Illustrations, specially 
Engraved for the work. Crown 8vo, 650 pages, 8s. leather. IJ^'St published. 
" Represents an enormous quantity of work, and forms a desirable book of'^refereBce." — Tht 
Engitteer. 

" The book is distinctly in advance of most similar pi^blications in tliis covmxry. "—Kngineerittg. 
" This valuable and well-de&ijfned book of risference meets the demands oi all descriptions oi 
engineers." — Saturday Rewew. 

"Teems with up-to-date information in every branch of engineering and construction." — 
Building News. 

" The needs of the engineering profession could hardly be supplied in a more admirable, 
complete and convenient form. To say that it nicre than sustains ah comparisons is praise oi the 
highest sort, ai d that may justly be said of it ' —Mining youmai. 

"There is certainly room 'or the new comer, '«hich supplies explanations and directions, as 
well as formulae and tables. It deserves to become one of the most successful of the technical 
annuals." — Architect. 

" Brings together with great skill all the technical information which an engineer has to use 
day by day. It is in every way admirably equipped, and is >ure to prove successful."— Sco/'j wow. 
" The up-to-dateness of Mr. Kempe's compilation is a quality that will not be lo^t on the busy 
people for whom the work is intended."— C^/aj'^^'w Herald. 

Bortable Engines. 

THE PORTABLE ENGINE; ITS CONSTRUCTION AND 
MANAGEMENT, A Practical Manual for Owners and Users of Steam 
Engines generally. By William Dyson Wansbrough. With 90 Illustra- 
tions. Crown 8vo, 35. 6d. cloth. 

" This Is a work of value to those who use steam machlnerjr. . . . Should be read by every- 
one who has a steam engine, on a farm or elsewhere."— ^arA Lane Express. 

" We cordially commend this work to buyers and owners oi steam engines, and to those whe 
have to do with their construction or use."— jimder Trades journal. 

" Such a general knowledfife of the steam engine as Mr. Wansbrotu^h furnishes to the reades 
should be acquired by all intelligent owners and others who use the steam engine. " — Buitding News. 

" An excellent text-book of this useful form of engin*'. ' Tht' Hints to Purchasers' contain a 
good deal of commonsense and practical yixsidiom."— English Mechanic. 

Iron ana Steel* 

**IRON AND STEEL " ; A Work for theForg$, Foundry, Factory, 
and Office, Containing ready, useful, and trustworthy Intormation for Iron- 
masters and their Stock-takers; Managers of Bar, Rail, Plate, and Sheet 
Rolling Mills: Iron and Metal Founders; lion Ship and Bridge Builders ; 
Mechanical, Mining, and Consulting Enginters ; Architects. Contractors, 
Builders, and Professional Diauvbtsmen. By Chaklls Hoape, Author c) 
"The Slide Rule," & c. Eighth Edition, Revised throughout and considerably 
Enlarged. 32mo. 65. leather. 

•* For comprehensiveness the book has not its equal." — Iron. 

" One of the best of the pocket \)ook%."—Engitsh Mechanic. 

''We cordially recommend this t>ook to those engaged in considerliig the details of all kinds o# 
i ron and steel works."— Naval Science. 

Elementary Mechanics. 

CONDENSED MECHANICS, A Selection of Formulae, Rules, 

Tables, and Data for the Use of Engineering Students, Science Classes, &c. 

In Accordance with the Requirements of the Science and Art Department. 

By W. G. Crawford Hughes, A.M.I.C.E. Crown Hvo, w. fni. clrth. 

" The book is well fitted for those who are either confronted with practical problems In theia 

work, or are preparing for examination and wish to refresh their knowleage by gouig through their 

formulae zgairu"— Marine Engineer. 

" It is well arranged, and meets the wants of those for whom it is intended."— ^at/2m> News, 

8tean^. 

THE SAFE USE OP STEAM, Containing Rules for Un- 
professional Steam-u^ers. By an Engineer. Sixth Edition. Sewed, td. 
"If steam-mers would but learn this little book by heart, boiler explosions would become 
sensations by th«ir rarity."— ii>^/^A Mechanic 

H arming* 

HEAIISG BY HOT WATER; with Information and Sug- 
gestions on the best Me-thods of Heating Public, Private and Horticultural 
Buildings. By Walter Jones. Second Editicn. With 96 Illustrations. 
Crown 8vo, 2S. 6d. net. 

** We confidently recommend all interested In heattog by hot water to i-eciJte a copy of this 
eahMble little trta.tis»."—The Plumber and Jjeii raso* . 
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THE FOHULAH WOHKb Uf MICHAEL nEfNOLDS 
("Thb Bnginb Driver's Fribmd"). 

Locomotive'Engine Thriving. 

LOCOMOTIVE-ENGINE DRIVING: A Practical Manual for 
Engineers in charge of^ Locomotive Engines. By Michael Reynolds, Member 
of the Society of Eneineers, formerly Locomotive Inspector L. B. and S.C. R. 
Ninth Edition. Including a Key to the Locomotive Enginb. With Illus- 
trations and Portrait ot Author. Crown 8vo, 4s. 6d. cloin. 
" Mr. Reynolds has supplied a want, and has supplied it well. We can confidently recommend 

the book, not only to the practical driver, but to everyone who takes ad interest in the performance 

of locomotive engines." — The Bns'iHeer. 

" Mr. Reynolds has opened a new chapter In the literature of the day. Of the nr»rtiral ntilitr 

o'' this admiraoie treatise, we have to soeak in terms of warm cnmmendation."- Athenanm. 
" Evidently me worK ot one wno kuows bi» auoject inoroutfmy."— i\.atfway ^«n/*ce \.*a.*etU. 
"Were the cautions and rules given in the book to become part of the every-day working of 

oar engine-drivers, we might have fewer distressing accidents to atxAium."^'ScaUmaH, 

Stationary Engine thriving. 

STATIONARY ENGINE DRIVING : A Practical Manual for 
Bnpneers in charge of Stationary Engines. By Michael Reynolds. Fiftb 
Edition. Enlarged, with Plates and Woodcuts. Crown 8vo, 45. 6U. cloth. 
"Theauthor is thoroughly acquainted with his subjects, and his advice^ on the various points 

treated is clear and practical. . . . He has produced a manual which is an exceedingly useful 

one tor the class for whom it is specially intended." — hng^nfertntf. 

"Our author leaves no stone unturned. He is determined that his readers shall not only know 

something about the stationary engine, but all about '\X."—F.ntri*teei'. 

"An engineman who has mastered the contents of Mr.Reynolds's book wtD require but little actual 

experience with boilers and engines before he can be trusted to look alter them." — EmfiisMdcckanic, 

The Engineer^ Firemanf and Engine-Boy. 

THE MODEL LOCOMOTIVE ENGINEER, FIREMAN, and 

ENGINE-BOY. Comprising a Historical Notice of the Pioneer Locomotivfl 

Engines and their Inventors. By Michael Reynolds. Second Fdition, wiih 

Revised Appendix. With numerous Illusciatious and Portrait of George 

Stephenson. Crown 8vo, 45. 6d. cloth. \Just published. 

" From the technical knowledge of the author it will appeal to the railway man of to-day moie 

forcibly than anything written by Dr. Smiles. . . . The volume contains information of a ted • 

niv,al kind, and facts that every driver should be familiar with."— /fM^/irA 'iiechanic. 

"We should be glad to see this book in the possession of everyone in tne kingdom who has 
ever laid* or is to lay, bands on a locomotive engine. "^/fMc 

Contintious Eailway Brakes, 

CONTINUOUS RAILWAY BRAKES: A Practical Treatise on 
the several Systems in Use in the United Kingdom ; their Construction and 
Performance. With copious Illustrations and numerous Tables. By Michael 
Reynolds. Large crown Svo, 95. cloth. 
" A popular explanation of the different brakes. It will be of ^eat assistance In forming ptibll c 

opinion, and will be studied with benefit by those who take an mterest in the brake."— S^f /if a 

M'chanic. 

" Written with sufficient technical detail to enable the principle and relative connection of tl • 

various parts of each particular brake to be readily grasped."— il/«:Aa»M»/ JVorld, 

Engine-JDriving lAfe. 

ENGINE-DRIVING LIFE : Sttrring Adventures and Incidents 
in the Lives of Locomotive-Engine Drivers 8v Michael Reynolds. Third 
and Cheaper Edition. Crown 8vo, 15. ^d. cloth. [J*^^ published. 

" From first to last perfectly foscinating. Wilkie CoUins :> most thrilling concopnoux are inrowu. 
Into the shade by true incidents, endless in their varietv. related in every page." — North British Mail, ' 
"Anyone who wishes to get a real insight inio railway life cannot do better than read * Engine- 
Driving Life' for himself ; and if he once take it up he wiij find that the author's enthusiasm and real 
love of the engine-driving profession will carry him on til) he has read every paigp,"—SaiurdayRevi€m, 

Pocket Companion for Enginemen, 

THE ENGINEMAN'S POCKET COMPANION AND PRAC^ 
TICAL EDUCATOR FOR ENGINEMEN, BOILER ATTENDANTS^ 
AND MECHANICS. By Michakl Reynolds. With Forty-five Illustra- 
tions and numerous Diagrams. Thiid Edition, Revised. Royau i8mo, 3s. 6^^., 
strongly honnd for pocket wear. 
"This udmirable work is well suited to accomplish its object, being the honest workmanship of 

a competent engineer."— G/ax^ow herald. 

" A most meritorious work, giving in a succinct and practical form all the Information an eiig1n» 

mindtipr desirous of mastering the scientific principles of his daily calling would require." — The 

Miltfr. 

" A boon to those who are striving to become effici«it mechanics."— /7a/> Chronicle, 
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CIVIL ENGINEERINQ, SURVEYING, eto. 

MR. NUMBER'S VALUABLE ENGINEERING BOOKS. 

The Water Supply of Cities and Towns. 

A COMPREHENSIVE TREATISE on the WATER-SUPPLY 
OP CITIES AND TOWNS. By William Humber, A-M.Inst.C.E., and 
M. Inst. M.E., Author of " Cast and Wrought Iron Bridge Construction/' 
&c, &c. Illustrated with 50 Double Plates, i Single Plate, Coloured 
Frontispiece, and upwards oi 250 Woodcuts, and containing 400 pages of 
Text. Imp. 4to, £6 is, elegantly and substantially half-bound in morocco. 

Ltst of Contents, 

Conduits.— XIII. Dbtrlbutkm of Water.— XIV. 

Meters, Service Pipes, and House Fittings.— 
XV. The Law and Economy of Water Works. 
XVIi Constant and Intermittent Supply.— 
XVII. Description of Plates. — Appendices, 
eivine Tables of Rates of Supply, Velocities, 
etc. &C., together with Specifications of several 
Works illustrated, among^ which will be found : 
Aberdeen, Mdeford, Canterbury, Dtmdee. 
Halifax, Lambeth. Rotherham, DabUn, wad 
others. 



I. Historical Sketch of lamo of the means 
that have been adopted for the Supply of Watef 
Co Cities and Towns.— II. Water and the Fo- 
rel^n Matter usually associated with it.— III. 
Ramfall and Evaporation.— IV. Springs and 
the water-bearing formations of various dis* 
tricts.— V. Measurement and Estimation of the 
flow of Water— VI. On the Selection of the 
Source of Supply.— VII. Wells.— VIII. Reser> 
voirs.— IX. The Purification of Water.— X. 
Pumps. — XL Pumping Machinery. — XII. 

" The most systematic and valuable work upon water supply hitherto produced In Engllsli, ot 
in any other language. ... Mr. H umber's work is characterised almost throughout by an 
•xhaustiveness much more distmctive at French and German than of English technical tr e a t ises." 

" We can congiatulate Mr. Humber on having been able to give so large an amount of tafor- 
nation on a subject so important as the water supply of cities and towns. The plates, fifty in 
oumber, are mostly drawings of executed works, and alone would have commanded the attention 
of every engineer whose practice may lie in this branch of the profesaon."— £«*iU^. 

CiMt and Wrought Iran Bridge Construction. 

A COMPLETE AND PRACTICAL TREATISE ON CAST 
AND WROUGHT IRON BRIDGE CONSTRUCTION, including Iron 
Foundations. In Three Parts — ^Theoretical, Practical, and Descriptive. By 
William Humber, A.M. Inst.C.E., and M.Inst.M.E. Third Edition, Re- 
vised and much improved, with 115 Double Plates (20 oi which now first 
appear in this edition), and numerous Additions to the Text. In Two Vol8«i 
imp. 4to, £6 z6s. 6d. half-bound in morocco. 

"A very valuable contribution to the standard literature of ctvll engineering. In addition to 
elevations, plans and sections, large scale details are given which very much enhance the instruc- 
tive worth of those Ulustntions."— Civil Enquirer and Architect's yourncU. 

" Mr. number's stately volumes, lately issued— in which the most important bridges erected 
during the last five years, under the direction of the late Mr. Brunei, Sir W. Cubitt, Mr. Hawk* 
•haw, Mr. Page. Mr. Fowler, Mr. Hemans, and others among our most eminent engineers, an 
drawn and specmed in great detaiL"— £yv^<fM«r. 

Strains, Calculation of. 

A HANDY BOOK FOR THE CALCULATION OF STRAINS 
IN GIRDERS ANDSIMILARSTRUCTURES.AND THEIRSTRENGTH. 
Consisting of Formulas and Corresponding Diagrams, with numerous details 
for Practical Application, &c. By William Humber, A-M. Inst.C.E., &c. 
Fifth Edition. Crown 8vo, nearly 100 Woodcuts and 3 Plates, 7s. 6d, cloth. 

" The formulae are neatly expressed, and the diagrams good."—Atkerututn. 
" We heartily commend this leaUy kandy book to our engineer and architect readen."— i£»v^ 
Jisk Mtchanie. 

Barlow^s Strength of Materials, enlarged by Humber. 

A TREATISE ON THE STRENGTH OF MATERIALS; 
with Rules for Application in Architecture, the Construction of Suspension 
Bridges, Railways, &c. By Peter Barlow, F.R.S. A New Edition, Revised 
by his Sons, P. W. Barlow, F.R.S., and W. H. Barlow, F.R.S. ; to which 
are added, Experiments by Hodgkinson, Fairbairn, and Kirkaldy; and 
Formulae for Calculating Girders, &c. Arranged and Edited by Wm. HumbbRi 
A-M. Inst.C.E. Demy 8vo, 400 pp., with 19 large Plates and nameroos Wood- 
cuts, xSs. cloth, 

" Valuable alike to the student, tyio, and the experienced practitioner. It will always rank in 
4ature, as it has hitherto done, as the standard treatise on that particuUtf subject." — Enginter, 

" There is no greater authority than hix\oyi."—BuiUiingrNtws. 

" As a scientific work of the first class, it deserves a foremost place on the bookshelves of every 
dvll engineer and practical JoiK3xuSc."—EHgiish Mtchanie* 
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8tatic8, Cfraphie and An€Uytic. 

GRAPHIC AND ANALYTIC STATICS, in their Practical Appli- 
cation to the Treatment of Stresses in Roofs, Solid Girders, Lattice, Bowstring 
ami Suspension Bridges, Braced Iron Arches and Piers, and other Frameworks, 
BvR. Hudson Graham, C.E. Containing Diagrams and Plates to Scale. 
With numerous Examples, many taken from existing Structures. Specially 
arranged for Class- work in Colleges and Universities. Second Edition, Re- 
vised and Enlarged. 8vo, i6s. cloth. 
" Mr. Graham's book will find a place wherever graphic and analytic statics are used or studied." 

"The work is excellent from a prectlcal point of view, and has evidenthr been prepared witk 
much care. The directions for working are ample, and are illustrated by an abundance of wdl* 
selected examples. It is an excellent text-boolt for the practical draughtsman."— ^<A<>MrM«M. 

Practical Mathematics. 

MATHEMATICS FOR PRACTICAL MEN: Beiog a Common- 
place Book of Pure and Mixed Mathematics. Designed chiefly for the use 
of Civil Engineers, Architects and Surveyors. By Olinthus Grbgory, 
LL.D., F.R.A.S., Enlarged by Hbnry Law, C.E. 4th Edition, carefully 
Revised by J. R. Young, formerly Professor of Mathematics. Belfast College. 
With 13 Plates. 8vo, £1 is. cloth. 

" The engineer or architect will here find ready to Ids hand rules for solving nearly every mathe- 
matical difficulty that may arise in his practice. The rules are in all cases explained by means of 
examples, in which every step of the process is clearly worked oax."— Builder. 

" One of the most serviceable books for practical mechanics. . . It is an Instructive book for 
the student, and a text-book for mm who, having once mastered the subjects it treats of, needs 
o icasi on aily to refresh his memory upon iheBn."-'Buildine Newt. 

MydratUic Tables. 

HYDRAULIC TABLES, CO-EFFICIENTS, and FORMULAS 
for finding the Discharge of Water from Orifices, Notches, Weirs, PiP^t ^'*^ 
Rivers, with New Formulae, Tables, and General Information on Rainfall. 
Catchment- Basins, Drainage, Sewerage, Water Supply for Towns and Mill 
Power. By John Neville, Civil Engineer, M.R.I.A. Third Ed., carefully 
Revised, with considerable Additions. Numerous Illusts. Cr. 8vo, 145. cloth. 

" Alike valuable to students and engineers iu practice ; its study will prevent the annoyance -of 
avoidable failures, and assist them to select the readiest means of successfully carrying out any 
given work connected with hydraulic engineering."— Af in in^ yournal. 

" It is, of all English books on the suDject, the one nearest to compieteneM. . . . From tne 
good arrangement of the matter, the clear explanations, and abundance of formulae, the carefully 
calculated tables, and, above all, the thorough acquaintance with both theory and constTuctioo, 
which is displayed from first to last, the book will be found to be an acquisition/'— ^•vMteeC 

Hydraulics. 

HYDRA ULIC MANUAL. Consisting of Working Tables and 
Explanatory Text. Intended as a Guide in Hydraulic Calculations and Field 
Operations. By Lowis D'A. Jackson, Author of "Aid to Survey Practice," 
"Modem Metrology," &c. Fourth Edition, Enlarged. Large cr. 8vo, x6s. cl. 

" The author has had a wide experience in hydraulic engineering and has been a careful ob- 
server of the facts which have come under his notice, and from the greai mass of material at his 
command he has constructed a manual which may be accepted as a trustworthy guide to this 
branch of the en^neer's profession. We can heartily recommend this volume to all who desire to 
be acquainted with the latest development of this important sahject. "—£n^neerift£. 

"The standard-work in this department of mechanics."— Sro/jman. 

" The most useful feature of this work is its freedom from wnat is superannuated, and its 
tnofough adoption of recent experiments : the text is, in fact, in great part a short account of the 
great modem experiments."— Mi4w>v. 

I>rain€ige. 

ON THE DRAINAGE OF LANDS, TOWNS, AND BUILD- 
INGS. By G. D. Dbmpsey, C.E., Author of " The Practical Railway En- 
gineer," &c. Revised, with large Additions on Recent Practice in 
Drainage Engineering, by D. Kinnear Clark, M.Inst.C.B. Author of 
"Tramways: Their Construction and Working." "A Manual of Rules, 
Tables, and Data for Mechanical Engineers," &c. Second Edition, Cor- 
rected. Fcap. 8vo, 5s. cloth. 

** The new matter added to Mr. Dempsey's excellent work is characterised by the compnlbmm- 
rive grasp and accuracy ot detail for which the name of Mr. D. K. Clark is a sumdent voucher."— 
jttfunaum. 

" As a work on recent practice in drainage engineering, the book Is to be commended to all 
who are making that branch of engineering science their special study." — Iron. 

" A comprehensive manual on drainage engineering, and a useml mtroduction to tbe snident.'* 
•-BuiUling News. 
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Water Storage^ Conveyance^ and Utilisation. 

WA TER ENGINEERING : A Practical Treatise on the Measure- 
ment, Storage, Conveyance, andUtilisation of Water for the Supply of Towns, 
for Mill Power, and for other Purposes. Bv Charles Slagg, A M.Inst.Cb,., 
Author of "Sanitary Work in the Smaller Towns, and in Villages," &c. 
Second Edition. With numerous Illustrations. Crown 8vo, 7s. 6d. cloth. 

" As a small practical treatise on the water buppiv ot towns, and on some applications of 
water-power, the work is in many respects excellent.' — EMj^neering: 

" The author has collated the results deduced from the experiments of the most eminent 
authorities, and has presented them in a compact and practical form, accompanied by very dear 
and detailed explanations. . . . The application of water as a motive power is treated very 
carefully and exhaustively."— .^Mt^^r. 

"For anyone who desires to begin the study of hydraulics with a consideration of the practical 
apidications of the science there is no better guidn."—jtrcJutea. 

River Engineering. 

RIVER BARS: The Causes of their Formation, and their Treat* 
tnent by " Induced Tidal Scour; " with a Description of the Successful Re- 
duction by this Method of the Bar at Dublin By I. J. Mann, Assist. Bng. 
to the Dublin Port and Docks Board. Royal 8vo, 75. 6d. cloth. 
" We recommend all interested in harbour works— and. indeed, those concerned in the im- 
provements of rivers generally- to read Mr. Mann's interesting work on the treatment of river 
WK."— Engineer. 

fJDrusses 

TRUSSES OF WOOD AND IRON, Practical ApplicaHons of 
Science in Determining the Stresses, Breaking Weights^ Safe Loads, Scantlingi, 
and Details of Construction, with Complete Working Drawings. By William 
Griffiths, Surveyor, Assistant Master, Tranmere School of Science and 
Art. Oblong 8vo, 45. 6d. cloth. 

" This handy little book enters so minutely faito every detail connected with the construction ot 
roof trusses, that no student need be ignorant of these matters."— /Vwcrus/ Enginur. 

Hailway Working. 

SAFE RAILWAY WORKING. A Treatise on Railway Acci- 
dents: Theif Cause and Prevention; with a Description of Modem Appliances 
and Systems. By Clement £. Strbtton, C.E., Vice-President and Con- 
sulting Engineer, Amalgamated Societv of Railway Servants. With Illus- 
trations and Coloured Plates. Third JCdition, Enlarged. Crown 8vo, 35. 6d 
cloth. 
" A book for the engineer, the directors, the managers ; and. In short, all who wish for informa. 

ClAn on railway matters will find a perfect encyclopaedia in ' Safe Railway Working.' "—'Railway 

Review. 

" We commend the remarks on railway signalling to all railway managers, especially where a 

oniform code and practice is advocated."— ^«r<r/>a/AV Railwav youmal. 

" The author may be congratulated on having collected, in a very convenient form, much 

raluable information on the pnncipal questions afiecting the safe worldng of railways."— iSatf. 

way Engineer. 

Oblique Bridges. 

A PRACTICAL AND THEORETICAL ESSAY ON OBLIQUE 
BRIDGES. With 13 large Plates. By the late Gborqb Watson Buck, 
M.I.C.E. Fourth Edition, revised by his Son, J. H. Watson Buck, M.I.C.B. ; 
and with the addition of Description to Diagrams for Facilitating the Con- 
struction of Oblique Bridges, by W. H. Barlow, M.I.C.B. Royal Svo, zas. 
cloth. 

*' The standard text-book for all engineers regarding skew arches Is Mr. Buck's treatise, and it 
w juld be impossible to consult a better?'— Engineer. 

"Mr. Buck's treatise is reco^ised as a standard text-book, and his treatment has divested the 
subject of many of the intricacies supposed to belong to it. As a guide to the engineer and archi- 
tect, on a confessedly difficult subject, Mr. Buck's work is uasuxpaM»od,"—BuiidiM£Newe. 

Tunnel Shafts. 

THE CONSTRUCTION OF LARGE TUNNEL SHAFTS : A 
Practical and Theoretical Essav. By J. H. Watson Buck, M.Inst.C.E., 
Resident Engineer, London and North- Western Railway. Illustrated with 
Folding Plates. Royal 8vo, 12s. cloth. 

" Many of the methods given are of extreme practical vahie to tbm mason ; and the ol>9ervadons 
OB the form of arch, the rules for ordering the stone, and the construction of the, templates will be 
found of considerable use. We commend the book to the engineering profts^on."—Bttii(iim Ntws 

" Will be regarded by civil engineers as of the utmoat vahie, and calculated to save much h^^ 
and obviate many mistakes."— CMnrry GttanUan. 
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StudenVs Text-Book on Surveying, 

PRACTICAL SURVEYING : A lext-Jiook for Students pre- 
paring for Examination or for Survey-work in the Colonies. By Gborgb 
W. UsiLL, A.M.I.C.£m Author of "The Statistics of the Water Supply of 
Great Britain." With Four LithofO'apbic Plates and upwards of 330 Illustra- 
tions. Third Edition, Revised and Enlarged. Inc;uding Tables of Natural 
Sines, Tangents, Secants, &c. Crown 8vo, 75. 6a. cloth ; or, on Thin Paper, 
bound in limp leather, gilt edges, rounded corners, for pocket use, 12s. 6d. 
*' The best forms of instruments are described as to their construction, uses and niooes of 

employment, and there are innumerable hints on work and equipment such as the author, in his 

mperience as surre^^or, draughtsman, and teacher, has found necessary, and which the student 

In ais inexperience will find most serviceable." — Ung^neer. 

"^The latest treatise in the English language on surveying, and we have no hesitation in say- 

Ing that the student will find it a better guide than any of its predecessors 

DMerves to be recognised as the first book which should be put in the nands of a pupil of Civi] 

Engineering, and every gentleman of education who sets out lor the Colonies would find it well to 

have a copy."— Arckiiea, 

Survey I^ractice, 

AID TO SURVEY PRACTICE, for Reference in Surveying, LeveU 
lin^t and Setting-out ; and in Route Surveys of Travellers by Land and Sea, 
With Tables, Illustrations, and Kecerds. By Lowis D'A. Jackson, 
A.M.I.C.E., Author of •' Hydraulic Manual,** ** Modern Metrology," Ac. 
Second Edition, Enlarged. Large crown 8vo, 12s. 6d. cloth. 
"A valuable vatU-nucum for the surveyor. We can recommend this book as containing an 

admirable supplement to the teaching (Mf the accomplished surveyor."— ^£ftc/urw>n. 

" As a tezt-t>ooic we should advise all surveyors to puce It in their libraries, and study well the 

matured instructions afforded in its pages."— Coi/ier^ Guardian. 

" The author brings to his work a fortunate union of theory and practical experience which, 

aided by a dear and lucid style of writing, renders the book a very usefiil OBm,"—Buiider, 

Surveying, Land and Marine. 

LAND AND MARINE 5C7/?K£y/NG, in Reference to the Pre- 
paration of Plans for Roads and Railways ; Canals, Rivers, Towns' Water 
Supplies; Docks and Harbours. With Description and Use of Surveying 
Instruments. By W. D. Haskoll, C.E., Author of " Bridge and Viaduct Con- 
struction," &c. Secpnd Edition. Revised, with Additions. Large cr. 8vo, 9s. cl. 
" This book must prove of great value to the student. We have no hesitation in recommend* 

ing It, feeling assured that it wiU more than repay a careful study."— MecJutnicai IVorid. 

" A most useful and well arranged book. We can strongly recommeno it as a carefuUy-writtea 

and vitluable text-book. It enjoys a well-deserved repute among surveyors."— ^MiAf«r. 

" This volume cannot fall to prove of the utmost practical utility. It may be sately recommended 

to an students who aspire to become clean and expert surveyors."— Jlffotiv yourrutL 

Field'Book for Engineers. 

THE ENGINEER'S, MINING SURVEYOR'S, AND CON^ 
TRA CTOR *S FIELD-BOGK. Consisting of a Series of Tables, with Rules, 
Explanations of Systems, and use of Theodolite for Traverse Surveying and 
Plotting the Work with minute accuracy by means of Straight Edg6 and Set 
Square only ; Levelling with the Theodolite, Casting-out and Reducing 
Levels to Datum, and Plotting Sections in the ordinary manner; setting-out 
Curves with the Theodolite by Tangential Angles and Multiples, with Right 
and Left-hand Readings of the Instrument: Setting-out Curves without 
Theodolite, on the System of Tangential Angles by sets of Tangents and Off- 
sets : and Earthwork Tables to 80 feet deep, calculated for every 6 inches in 
depth. By W. D. Haskoll, C.E. Fourth Edition. Crown 8vo, 125. cloth. 
"The book is very handy ; the separate tables of sines and tang[ents to every minute will make 
It useful for many other purposes, the genuine traverse tables existmg all the same."— ^/A«»«mot. 
" Every person engaged in engineering field operations will estimate the importance of such a 
work and the amount of valuable nme which will be saved by reference to a set of rehabie tlhint 
prepared with the accuracy and fulness of those given in this volume."— iZotfiMdr Ntws. 

Levelling. 

A TREATISE ON THE PRINCIPLES AND PRACTICE OP 
LEVELLING, Showing its Application to purposes of Railway and Civil 
Engineering, in the Construction of Roads; with Mr. Telford's Rules for the 
same. ByFREDBRiCR W. Simms,F.G.S., M.Inst.C.E. Seventh Edition, with 
the addition of Law's Practical Examples for Setting-out Railway Curves, and 
Trautwinb's Field Practice of Laying-out Circular Curvet, with 7 Plates 
and numerous Woodcuts. 8vo, 8s. 6d, cloth. \* Trautwinb on Curves 
may be had separate, 5s. 

" The text-book on levelling in most of our ennftaeeilBg tchoob and colDieg9i."—Sn£iM*rr. 
*' The publishers have rendered a substantial service to the profession, especially to the younger 
members, by bringing out the present edition of Mr. Simms's useful book "•- Engineer. 
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THgamymetrical Surveying. 

AN OUTLINE OP THE METHOD OP CONDUCTING A 
TRIGONOMETRICAL SURVEY, for the Formation of Geographical and 
Topographical Maps and Plans, Mihtary Reconnaissance, LeveUing, &c., with 
Useful Problems, Fonnulas, and Tables. By Lieut.-General Fromb, R.E. 
Fourth Edition, Revised an-i partly Re-written oy Major General Sir Charlbs 
Warren, G.C.M.G.. R.B. M/ith zg Plates and zzs Woodcuts. Royal 8vo, z6s. 
cloth. 

"The simple Cact that • fourth edition hu been called for Is the best testtanony to Its merits. 
No words of praise from us can strengthen the position so well and so steadily maintamed by this 
work. Sir Charles Warren has revised the entire work, and made such additions as were neconsniy 
to bring every portion of the contents up to the present data."— £rMui Arm . 

Field Fortification. 

A TREATISE ON FI^LD FORTIFICATION, THE ATTACK 
OF FORTRESSES, MILITARY MINING, AND RECONNOITRING. By 
Colonel I. S. Macaulay, late Professor of Fortification in the R.M.A., Wool- 
wich. Sixth Edition. Crown 8vo, with separate Atlas of za Plates, 12s. cloth, 

Tunnettino 

PR A CTICA L TUNNELLING. Explaining in detail the Setting, 
out of the works, Shaft-sinkineand Heading-driving, Raneing the Lines and 
Levelling underground, Sub-Excavating, Timbering, and the Construction 
of the Brickwork of Tunnels, with the amount of Labour required for, and the 
Cost of, the various portions of the work. By Frederick W. Simms, F.G.S.. 
M.InstC.B. Third Edition, Revised and Extended by D. Kinnbar Clark, 
M.Inst. C.B. Imperial 8vo, with az Folding Plates and namerous Wood 
Engravings, 305. cloth. 

" The estimation in which Mr. Stanms'i book on tnnneOlng has been held for orer thirty years 
cannot be more truly expressed than in the words of the late Prof. Rankine :— ' The best source of in* 
foimadon or the subiect of tunnels is Mr.F.W.Simms'swork on Practical TunneQinsr.' "—Architect. 

" It has been regarded from the first as a text-book of the subiect. . . . Mr. Clark has aditod 
hnmansely to the value ot the book."—£fi£iMe€r, 

Tramways and their Working. 

TRAMWAYS: THEIR CONSTRUCTION AND WORKING. 

Embracing a Comprehensive History of the System ; with an exhaustive 
Analysis of the various Modes of Traction, including Horse-Power, Steam, 
Cable Traction, Electric Traction, &c.; a Description of the Varieties of Roll- 
ing Stock ; and ample Details of Cost and Working Expenses. New Edition, 
Thoroughly Revised, and Including the Progress recently made in Tramway 
Construction, &C.&C. By D. Kinnear Clark. M.Inst.C.B. With numerous 
Illustrations and Folding Plates. In One Volume, 8vo, 780 pages, price 28$., 
bound in buckram. [Jtist publisUied. 

" All interested in tramways must refer to it, as all railway engineers have turned to the author's 

work • Railway Machinery.'"— £«^««r. 

" An exhaustive and practical work on tramways, In which the history of this kind of iocomo* 

Hon, and a description and cost of the various modes of laying tramways, are to be found."— i 

Building News. 

" The best form of rails, the best mode of constmctlon, and the best mechanical appliances 

are so fairly indicated in the work under review, that any engineer about to construct a tramway 

will be enabled at once to obtain the practical information which will be of most service to hlas."— 

AthenautH. 

Ou/rveSf Tables for Setting-out. 

TABLES OF TANGENTIAL ANGLES AND MULTIPLES 
for Setting-out Curves from s ^ 200 Radius. By Alexander Bbazbley, 
M.Inst.C.E. Fourth Edition. Printed on 48 Cards, and sold in a cloth box, 
waistcoat-pocket size, 3s. 6d. 
" Each table is printed on a small card, which, being placed on the theodolite, leaves the hands 

fkee to manipulate ue instrument— no small advantage as regards the rapidity of wotk."-^Sn£iM4£r. 
"Very handy ; a man may know that all his day's work must fall on two of these cards, which 

he puts into his own card-case, and leaves the rest behind ."— ^rtoKWww. 

Earthwork, 

EARTHWORK TABLES. Showing the Contents in Cubic 
Yards of Embankments, Cuttings, &c., of Heights or Depths up to an 
average of 80 feet. By Joseph Broadbent, C.B., and Francis Campin, C.B. 
Crown 8vo, 5s. cloth. 

" The way in which accuracy is attained, by a simple division of each cross section Into three 
elements, two in which are constant and one variable, b ingenious."— ^/A^meMM. 
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Water Supply and Water-Works. 

THE WATER SUPPLY OF TOWNS AND THE CON- 
STRUCTION OF WATER-WORKS: A Practical Treatise for the Use ot 
Engineers and Students of Engineering. By W. K. Burton, A.M.Inst C E., 
Professor of Sanitary Engineering in the Imperial University, Tokyo, Japan, 
and Consulting Engineer to the Tokyo Water-works. With an Appendix on 
the Effects of Earthquakes on Water av or ks, by John Milne, F.R.S, Pro- 
fessor of Mining in the Imperial University of Japan. With numerous 
Plates and Illustrations. Super-royal 8vo, 25s. buckram. [.Just published. 

" The whole art of waterworks construction is dealt with in a clear and comprehensive fashion 
in this handsome volume. . . . Mr. Burton's practical treatise shows in all its sections the fruit 
of independent study and individual experience. It is largely based upon his own practice in the 
> branch of engineering of which it treats, and with such a basis a treatise can scarcely fail to b^ sug- 
gestive and useful." — Saturday^ Review. 

" Professor Burton's book is sure of a warm welcome among engineers. It is written in clear 
and vigorous language and forms an exhaustive treatise on a branch of engineering the claims ot 
'which it would be difficult to over-estimate." — Scotsman. ^ 

" The subjects seem to us to be ably discussed, with a practical aim to meet the requirements 
«f all its probable readers. The volume is well got up, and the illustrations are excellent. 
_^^ TAe Lattcet. 

Heatf Expansion by, 

EXPANSION OF STRUCTURES BY HEAT. By John 
Kbily, C.E., late of the Indian Public Works and Victorian Railway Depart- 
ments! Crown 8to, 35. 6d. cloth. 

Summary op Contents. 



Section I. Formulas and Data. 
Section II. Metal Bars. 
Section III. Simple Frames. 
Section IV. Complex Frames and 

Plates. 
Section V. Thermal Conductivity. 



i< < 



Section VI. Mechanical Force of 
Heat. 

Section VII. Work op Expansion 
AND Contraction. 

Section VIII. Suspension Bridges. 

Section IX. Masonry Structures. 

' The aim the author has set before him, viz., to show the effects of heat upon metallic and 
•ther structures, is a laudable one, for this Is a branch of physics upon which the engineer or archi- 
tect can find but little reliable and comprehensive data in books." — Builder. 

" Whoever is concerned to know the effect of changes of temperature on such structures as 
suspension bridges and the like, could not do better than consult Mr. Keily's valuable and handy 
«xiM>sition of the geometrical principles involved in these changes."— SmUfmaM. 

JEarthwark^ Measurement of. 

A MANUAL ON EARTHWORK, By Alex. J. S. Graham, 

C.E. With numerous Diafn'&ms. Second Edition. i8mo, 2s. 6d. cloth. 

" A great amount of practical information, very admirably arranged, and available tor rough 
•Ktlmates. as well as for the more exact calculations required in the engineer's and contractor's 
offices. '—Artisan. 

Strains in Ironwork. 

THE STRAINS ON STRUCTURES OF IRONWORK; with 
Practical Remarks on Iron Construction. By F. W. Sheilds, M.Inst C.Bi 
Second Edition, with 5 Plates. Royal 8vo. 55. cloth. 
The student cannot find a better little book on this subject "—Engiftetr. 

Cast Iron and other Metals, Strength of. 

, A PRACTICAL ESSAY ON THE STRENGTH OP CAST 
IRON AND OTHER METALS. By Thomas Tredgold, C.E. Fifth 
Edition, including Hodgkinson's Experimental Researches. 8vo, zas. cloth. 

Oblique Arches, 

A PRACTICAL TREATISE ON THE CONSTRUCTION OF 
OBLIQUE ARCHES. By John Hart. Third Edition, with Plates. Im- 
perial ovo, S$. cloth. 

OirderSf Strength of. 

GRAPHIC TABLE FOR FACILITATING THE COM PUT A - 
TION OF THE WEIGHTS OF WROUGHT IRON AND STB EL 
GTRDERS. etc., for Parliamentary and other Estimates. By J. H. Watscn 
Buck, M.Inst.C.E. On a Sheet, as. 6d, 
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MARINE ENGINEERINQ, SHIPBUILDING, 

NAVIGATION, eto. 

J^ocket'Bookfor Naval Architects and ShipbuUdi rs^ 

THE NAVAL ARCHITECT'S AND SHIPBUILDER'^ 
POCKET-BOOK of Formula, Rules, and Tables.and MARINE ENGINEER'S 
AND SURl^EYOR'S Handy Book 0/ Reference. By Clbmbnt Mackrow, 
Member of the Institution of Naval Architects. Naval Draughtsman. Fifth 
Edition. Revised and Enlarged to 700 pages, with upwards of 300 Illnstra* 
tions. Fcap., m, 6d. strongl) bound in leather. 

Summary op Contents. 
Signs and Symbols, Decimal Frac- 
tions. — Trigonometry. — Practical 
Geometry. — Mensuration. — Cen- 
tres AND Moments of Figures.— 
Moments of Inertia and Radii of 
Gyration. — Algebraical Expres- 
sions for Simpson's Rules. — Me- 
chanical Principles. — Centre of 
Gravity. — Laws of Motion. — Dis- 
placement, Centre of Buoyancy.— 
Centre of Gravity of Ship*s Hull. 
— Stability Curves and Metacbn- 
tres. — Sea and Shallow-water 
Waves.— Rolling of Ships.— Pro- 
pulsion AND Resistance of Vessels. 
— Speed Trials. — Sailing, Centre 
OF Effort.— Distances down Rivers, 
Coast Lines. — Steering and Rud- 
ders of Vessels. — Launching Cal- 
culations and Velocities.— Weight 
OF Material and Gear.— Gun Par- 
ticulars AND Weight. — Standard 
Gauges. — Riveted Joints and Rivet- 
ing. — Strength and Tests of Mate- 
rials. — Binding and Shearing 
Stresses, etc.— Strength of Shaft- 
ing, Pillars, Wheels, etc. — Hy- 
draulic Data, ETC.— Conic Sections, 
Catenarian Curves.— Mechanical 
Powers, Work. — Board of Trade 
Regulations for Boilers and En- 
gines. — Board of Trade Regula- 



FOR Boilers.— Lloyd's Weight of 
Chains.— Lloyd s Scantlings for 
Ships.— Data of Engines and Ves- 
sels. Ships* Fittings and Tests.— 
Seasoning Preserving Timber.— 
Measurement of Timber. — Alloys, 
Paints. Varnishes. — Data for 
Stowage. — Admiralty Transport 
Regulations. — Rules for Horse- 
power. Screw Propellers, etc.— 
Percentages for Butt Straps, etc. 
—Particulars of Yachts.— Masting 
AND Rigging Vessels. — Distances 
OF Foreign Ports. — Tonnage 
Tables. — Vocabulary of French 
and English Terms. — English 
Weights and Measures — Foreign 
Weights and Measures. — Decimal 
Equivalents — Foreign Money.— 
Discount and Wage Tables.— Use- 
ful Numbers and Ready Reckoners 
— Tables of Circular Measures.— 
Tables of Areas of and Circum- 
ferences OF Circles. — Tables of 
Areas of Segments of Circles.— 
Tables of Squares and Cubes and 
Roots of Numbers. — Tables of 
Logarithms of Numbers.— Tables 
OF HyperbolicLogarithms. — Tables 
OF Natural Sines, Tangents, etc.— 
Tables of Logarithmic Sines, 
Tangents, etc. 



tions for Ships. — Lloyd's Rules 

" In these days of advanced knowledge a work like this is of the greatest value. It contains a 
vast amount of information. We unhesitatingly say that it is the most valuable compilation for its 
specific purpose that has ever been printed. No naval architect, engineer, surveyor, or seaman, 
wood or iron shipbuilder, on afford to be without this work."— A^oM/'ura/ Magazine. 

"Should be used by all who are engaged in the construction or designs of vessels. . . . Will 
be found to contain the most useful tables and formulae required by shipbuilden, carefully collected 
from the best authorities, and put together in a popular and simple iana."—£Hgin«€r. 

" The professional shipbuilder has now, m a convenient and accessible fomi. reliable data tor 
tdring many of the numerous problems that present thenuelves in the course of his work."— /ron 

" There is no douot that a pocket-book of this descHpHon must be a necessity in the ship- 
building trade. . . . The volume contains a mass 01 useful information clearly expressed and 
presented in a handy fona."— Marine Engineer. 

Marine Engineering. 

MARINE ENGINES AND STEAM VESSELS (A Treatisi 
on). By Robert Murray, C.E. Eighth Edition, thoroughly Revised, with 

considerable Additions by the Author and by George Carlisle, C.E., 
Senior Surveyor to the Board of Trade at Liverpool, izmo, 5s. cloth board.«. 

" Wdl adapted t» give the young steamship engineer or marme engine and bouor maker a 
general mtroducrion into his practical yroxk^'—MeckaHical World, 

" We feel sure that this thoroughly revised edition will continue to be as popular in the future 
as it has been in the past, as, for its size, it contains more useful informAtion than ny similar 
treatise. "—/«^»j/nCe.r. 

" As a comp>endious and useful guide to engineers of our mercantile and royal na-.al services, 
we should say it cannot be surpassed."— ^mi'/i/m^ News. 

" The information given is both sound and sensible, and well qualified to direct y^nng sea- 

King hands on the straight road to the extra chief's certificate. . . . Most useful to surveyors, 
ipectors, draughtsmen, and young engineers."— C/s-vvw Uermid, 

C 
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^o€:fcet- Book for Marine Engineers. 

A pocket-book of useful tables and FOR' 
MULjE for marine engineers. By Frank Proctor. A.I.N.A. 
Third Edition. Royal 321110. leather, gilt edges, with strap, 4^. 

"We recommend ir to our readers as going far to supply a long'-felt vnLnt."—N'amtU Scitna, 
*' A mosc usetul companion to all marine engineers."— £Mite<< Servict GamttU, 

Introduction to Marine Engineering. 

elementary engineering : A Manual for Young Marine 
Engineers and Apprentices, In the Form of Questions and Answers on 
Metals. Alloys, Strength of Materials, Construction and Management ot 
Marine Engines and Boilers, Geometry, &c. &c. With an Appendix of Useful 
Tables. By Johm Sherrbn Brewer, Government Marine Surveyor, Hong- 
kong. Second Edition, Revised. Small crown 8vo, 2S. cloth. 
" Contain<« mach valuaDie information for the class for whom it is intended, especially in the 

chapters on the m^nagemtmt of boilers and engines." — Nautical Mag^agint, 
"A u-^ful introduction to the more elaborate text-books." — Scotsman. 
" To a student who has the requisite desire and resolve to attain a thorough knowledge, Mr. 

Brewer offers decidedly useful hak^"—AtJutunt*n. 

Jfavigation* 

PRACTICAL NAVIGATION. Consisting of Thb Sailor's 
Sea- Book, by James Greenwood and W. H. Rosser : together with the 
requisite Mathematical and Nautical Tables for the Working of the Problems, 
by Henry Law, C.E., and Professor J. R. Young. Illustrated, zamo, 7s. 
strongly half-bound. 

^Drawing for Marine Engineers. 

LOCKIE'S MARINE ENGINEER'S DRAWING -BOOK. 
Adapted to the Requirements of the Board ot Trade Examinations. Bv 
John Lockib, C.E. With 22 Plates, Drawn to Scale. Royal 3vo, 35. 6a. 
cloth. 

*• The student who learns from these drawings will have nothing to unlearn."— Engineer. 
" The examples chosen are essentially practical, and are such as should prove of service to 
. engineers generally, while admirably fulfilling their specific purpose."— Mechanical PVorld. 

Sailmaking, 

THE ART AND SCIENCE OF SAILMAKING. By Samuel 
B. Saolrr, Practical Sailmaker, late in the employment of Messrs. Ratsey 
and L-ipthorne, of Cowes and Gosport. With Plates and other Illustrations. 
Small 4to, 125. 6d. cloth. 

Summary op Contents. 



— VI. On Allowances. — VII. Calcu- 
lation OF Gores.— VIII. On Cutting 
Out.— iX. On Roping.— X. On Dia- 
gonal-Cut Sails.>— XI. Concluding 
Remarks. 



Chap. I. The Materials used and 

THEIR Relation to Sails. — II. On 

THE Centre of Effort.— III. On 

"Measuring.— IV. On Drawing.— V. 

•On the Number op Cloths required. 

•• Th's work is very ably written, and is illustrated by diagrams and carefully- worked calcula- 
tions. The work should be in the hands of every sailmaker, whether employer or employed, as it 
cannot fail to assist them in the pursuit of their important zyiocAX.\ons:'—IsU 0/ U'^ight Herald. 

" This extremely practical work gives a complete education in all the branches of the manu- 
facture, cutting out, roping, seaming, and goring. It is copiously illustrated, and will form a first- 
t\Xe text-book :»nd nuxde."— Portsmouth Times. 

" The author of this work has rendered a distinct service to all interested in the art of sail- 
making. The subject of which he treats is a congenial one. Mr. Sadler is a practical sailmaker, 
and has devoted years of careful observation and study to the subject ; and the results of the 
-experience thus gained he has set forth in the volume before \i&."—Steamsh^, 

Chain Cables. 

CHAIN CABLES AND CHAINS. Comprising Sizes and 
Curves ot Links, Studs, &c., Iron for Cables and Chains, Chain Cable and 
Chain Making. Forming and Weldine Links, Strength of Cables and Chains, 
Certificates for Cables. Marking Cables, Prices of Chain Cables and Chains, 
Historical Notes, Acts of Parliament, Statutory Tests, Charges for Testing, 
List of Manufacturers of Cables, &c. &c. Bv Thomas W. Traill, F.E.R.N., 
M.Inst. C.E., Engineer Surveyor in Chief, Board of Trade, Inspector of 
Chain Cable and Anchor Proving Establishments, and General Superin- 
tendent, Lloyd's Committee on Proving Establishments. With numerous 
Tables, Illustrations and Lithographic Drawings. Folio, £2 as. cloth, 
bevel ie.i boards. 
" It contains a vast amount of valuable Information. Nothing icwmi to be wantlii£ to m ike it 
a compl3t J and standard work of reference on the subject "-^A'aw/As/ MagmjHnt, 



MINING AND METALLURGY. '9 

MIMIKO AMD METAL LXTRQY. 
tinlng Machinery. 
MACHINERY FOR MBTALLIPBROVS MINES .■ A FT3.ct\c».\ 

TreaiLie for Uinlnii BneloHTE, Uetallurgisla, and Mananrs ol Minei. By 
E. Hesbv D»¥1k5, M.E., F.G.S. Crown 8vo, jSo pp., wilh upward* of J™ 



MetaUiferoHS Minerala and Mining, 

A TREATISE ON METALLIFEROUS MINERALS AND 
HINING. By D. C. Davim, F.G.S,, Mining EnEineer, 4c„ Aolboi of "A 
Treatise on Slale and Slate Quarrvitie." Fiflb Edilion, thorougtily Revised 
and much Enlarged, by his Son, E, HEWuy D«vns, U.E., F.G.S. WilO about 
rjo lllustraliotia. Crown Svo, in. 6d. clolti. 



!i-''^^L 



Earthy Minerals and Mining. 

A TREATISE ON EARTHY &• OTHER MINERALS AND 
MINING. By D. C. Davies, F.G.S.. Author of " 
&c. Third Edition, revised ' " '  •    



•ti-B, By ROBBdT I , — 

Mannlaclnres, and Uines," Ac. Upwards of 95D pp., i 
^ J ,.j=.,__ =......., Sapor-royal B»o. £1 11. eloil 




Onderground Pumping Machinery. 

MINE DRAINAGE. Being a Complete and Practical Treatise 
00 DirectAciiuK Underi?round Sleaui Pumpinj Machiosry, wilha pescrip- 

the Special Sphere of their Action, tliB Mode 'of their Application^' wd 
their merits compared wilb other forms of Pumping Machin sty. By Stifiuii 
MioMMLL Bvo, iji. elolb. 
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Prospecting for Oold and other Metals^ 

THE PROSPECTOR* S HANDBOOK: A Guide for the Pro- 
tpector and Traveller in Search of Metal-Bearing or other Valuable Minerals. 
By J. W. Anderson, M.A. (Camb.). F.R.G.S., Author of "Fiji and New 
Caledonia." Sixth Edition, thorougblv Revi^efl anH much Rnlareed. Snjail 
crown 8vo, 3s. 6d. cloth ; or, 4s. 6d. leather, pocket-book lorm, with tuck. 

{just publish fcL 
" wai supply a much felt want, capedaOy amongr Cokmista, In wlioae way un *o oiteu Uuuwu 
■lany mineraloi^cal specimens the value of which it is diflicult to determine."— /:njpvM«ffr. 

"How to find coiQiiiercial minerab, and how to idennty tnem wnen cliey are tound, are tne 
leading points to which attention is directed. The author has managed to pack as much practical 
detail uito his pages as would supply mstsnal for a book three tintes its vam."—iHniHfr youmai. 

Mining yotes and FortnulcB. 

NOTES AND FORMULAE FOR MINING STUDENTS. By 

I OHM Herman Merivale, M.A., Certificated Colliery Manager, Professor of 
fining in the Durham College of Science, Newcastle-uporirTyne. Third 
Edition, Revised and Enlarged. Small crown 8vo. zs. M. cioth. 
" Invaluable to anyone who is working up for an examinatioa on mining subjects."— '/r«n an J 
Coal TrtuUt Review. 

'* The author has done his work in an exceedingly creditable manner, and has produced a book 
that will be of service to students, and those who are practically engaged in mining operations."— 

Handybook for Miners, 

THE MINER'S HANDBOOK : A Handy Book of Reference on 
the Subjects of Mineral Deposits, Mining Operations Ore Dressing, &c. 
For the use of Students »nd others interested in Mining matters. Compiled 
by John Milne, F.R S., Professor of Mining in the Imperial University ot 
Japan. Revised Edition. Fcap. hvo, 7s. 6rf. leather. [.?««* Published. 

" Professor Milne's handt>nok is «ure to be received with favour by all connected with mining, 
and will be extremely popular amon^; students."— 'y4theuaum. 

Miners' and Metallurgists' Bocket^Booh. 

A POCKET-BOOK FOR MINERS AND METALLURGISTS. 

Comprising Rules, Formulas, Tables, and Notes, for Use in Field and Office 

Work. By F. Danvbrs Power, F.G.S.. M.E, Fcap. Rvo. os. leather. 

" Th«« excellent book is an a^lm-rable example of its kmd. and ouvht to find a large sale 
amongst Hni;lish-speaking prospectors and mining engineers." — F.usrtfteeritifr. 

" A useful vaae-tnecutn containing a mass of ruie&, formuke, tables, and various other informa 
tion, necessary for daily reference."— /n>/«. 

MinertU Surveying and Valuing. 

THE MINERAL SURVEYOR AND VALUER'S COMPLETE 
GUIDE, comprising a Treatise on Improved Mining Surveying and the Valua* 
tion of Mining Properties^ with New Traverse Tables. By Wm. Lintbrn. 
Third Edition. Enlarged. i2mo, 45. cloth. 
" A valuable and thoroughly trustworthy guide."— /rjM and Coal Pradts Review. 

Asbestos and its Uses. 

ASBESTOS: Its Properties, Occurrgncgf and Uses, With some 
Account of the Mines of Italy and Canada. By Robert H. Jones. Witli 
Eight Collotype Plates and other Illustrations. Crown 8vo, 12s. 6d. cloth. 
" An interesting and invaluable work."— C^Z/wrv Guardian. 

BoDplosives. 

A HANDBOOK ON MODERN EXPLOSIVES. Beingr a 
Practical Treatise on the Manufacture and Application of Dynamite, Gun- 
Cotton, Nitro-Glvcetine, and other Explosive Compounds. Including the 
Manufacture o*" Collo'^ ion-Cotton. By M. Etsslbr, Author of " The Metal- 
lurgy of Gold," Ac. Crown hvo, 105. 6d. cloth. 
"Useftul not only to the miner, but aKo to ofhcers of both services to whom blasting and the 

use of explosives genera'Iv may at any time become a necessary auxiliarv." — Nature. 

"* A vftritable mine of information on the subject of explosives employed for military, mining 

and blastirg purposes."— ^mv and Navy Gazette. 

Ir^m.. MefniUtrgy of, 

METALLURGY OF IRON. Containing History of Iron Manu- 
tauture. Methods of Assav, and Analyse* of Iron Ores, Procespe* of Manu- 
facture of Iron and Sieel. Ac. B^ H. Bauerman, F.G.S., A.R.S M With 
numerous Illustrations. Sixth Edition, Enlarged, lamo, is, 6d, cloth. 



MINING AND METALLUPnv ai 

Colliery Management. 

THE COLLIERY MANAGER'S HANDBOOK: A Compre- 
hensive Treatise on the La3rinf;-oat aad Workias of Collieries. Desi^neH as 
a Book of Reference for Colliery Manaeers, and tor the Use of Coal-Mining 
Students preparing for First-class Certificates. By C^lkb Pambly, Mining 
Engineer and Surveyor; Member ot the North of Bneland Institute of 
Minine and Mechanical Engin<-ers ; and Member of the South Walt-s Insti- 
tute ot Minine Engineers. With nearly joo Plans, Diagrams, and other 
Illustrations. Second Edition, Revised, with Additions. Medium 8vo, about 
700 pages. Price £1 5«. strongly bound. 

Summary op roNTENTS. 



Geology. — Search for Coal.— 
Mineral Leases and other Hold- 
CNOs. — Shaft Sinking.— Fitting Up 
THE Shaft and Surface Arrange- 
ments.— Steam Boilers and their 
Fittings. — Timbering and Walling. 
— Narrow Work and Methods of 
Working. — Underground Convey- 
ance. — Drainage. — The Gases met 
with in Mines : Ventilation. — On 
THE Friction of Air in Mines.— 



The Pribstman Oil Engine ; Petro- 
leum and Natural Gas -Surveying 
AND Planning. — Safety Lamps and 
Fire Damp Detectors —Sundry and 
Incidental Operations and Appli* 
ances. — Colli kry Explosions — Mis- 
cellaneous Questions & Answers. 

Appendix: Summary of Report of 
H.M. Commissioners on Acciobnts 
IN Mines. 

♦** Opinions of the Press. 

"Mr. Pamely has not only g^iven us a comprehen<«tve reference book of a rery high order, 
suitable to the requirements of mining engineers and colliery managers, but at the s «me time has 
provided mining students with a class-b<wk tlut is as interesting as it is instructive." -k,0//^»7 
Afanoftr. 

"Mr. Pamely's work is eminently suited to the purpose for which it is intended — being clear, 
interesting, exhaustive, rich in detail, and up to date, giving descriptions of the very latest 
machines m every department. . . . A mining engineer could scarcely go wrong who followed 
this work." — Colliery t,uardian. 

" This is the most complete ' all round ' work on coal-mining published in the English 
language. ... No library of coal-mining books is complete without it," -~CoUi€*-v Engine** 
(Scranton, Pa., U.S.A.). 

"Mr. Pamely's work is in all respects worthy of our admiration. No person in any responsible 
position connected with mines should be without a copy." ^l4^estmiftsUr Review. 

Coal and Iron. 

THE COAL AND IRON INDUSTRIES OP THE UNITED 
KINGDOM, Comprising a Description of the Coal Fields, and of the 
Principal Seams of Coal, with Returns of their Produce and its Distribu- 
tion, and Analyses of Special Varieties. Also an Account of the occurrence 
of Iron Ores in Veins or Seams ; Analyses of each Variety ; and a History c* 
the Rise and Progress of Pig Iron Manufacture. By Richard Meade, Assistant 
Keeper of Mining Records. With Maps. 8vo, £1 85. cloth. 
"The book is one which must find a place on the sbeives ot all mterested In coal and tone 

production, and in the iron, steel, and other metaDurgical industries."— fm^^tM/rr. 

" Of this book we may unreservedly say that it is the best of its class which we have ever met. 

. . . A book of reference which no one engaged in the iron or coal trades should omit ficooi hi* 

library."— /roM and CoaJ JVtuUs Review. 

ijoal Mining. 

COAL AND COAL MINING: A Rudimentary TreaHse on. By 
the late Sir Warington W. Smyth, M.A.» F.R.S.. &c.. Chief Inspector of the 
Mines of the Crown. Seventh Edition, Revised and Enlarged. With 
numerous Illustrations. i2mo, 45. cloth boards. 
"As an outline is given of every known coal-field m tnis and other countries, as well as of the 

principal methods of working, the book will doubtless interest a very large nuiuoer of readers."-- 

hUninf youmal. 

Subterraneous Surveying, 

SUBTERRANEOUS SURVEYING, Elementary and Practical 
Treatise on, with and without the Magnetic Needle. By Thomas Fbnwicb, 
Surveyor of Mines, and Thomas Bakbr, C.E. Illust. z2mo, 3s. cloth boards. 

Granite Quarrying. 

GRANITES AND OUR GRANITE INDUSTRIES, By 
George F. Harris, F.G.S., Membre de la Soci^te Beige de G^ologie, Lee* 
turer on Economic Geology at the Birkbeck Institution, &c. With Illustra- 
tions. Crown 8vo, 2S. Sd. c^oth. 

" A dearly and well-writtin nianiii>l on the granttn industry." -Srotsman. 

" An intere>tmg woric. wmrb wiU be des«rv«dly esteemed." — CoUter-y Guardian. 

" An exceedin«ivint<*resting and valuable monograph on a subject which ha« hitherto received 
anacc suntably little attention in the slape of systematic literary creacmeut. '—Scottish Leader. 
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Goldf Metallurgy of. 

THE METALLURGY OF GOLD : A Practical Treatise on the 
Metallurgical Treatment of Gold-bearing Ores. Including the hiocesi-es of 
Concentration and Chlorination, and the Assaying. Melting, and Ketmiu^ of 
Gold. By M. Eisslbr, Mining Engineer and Metallurgical Chemist, iorm< i.> 
Assistant Assayer ot the U. S. Mint, San Francisco. Third Edition, Revi£.t;tl 
and greatly Enlarged. With 187 Illustrations. Crown 8vO( 125. 6^. cloth. 
" This book thoroughly deserves its title of a ' Practical Treatise.' The whole process of gnld 



nininff, from the breaking ot the quartz to the assay of the bullion, is described in clear am<1 
\y narrative and with much, but not too much, fulness of detail." — Saturday Revteu . 
The work is a storehouse of information and valuable data, and we strongly recommend it to 



eadernr narrative and with much, but not too much, fulness of detail." — Saturday Revteu . 

" The work is a storehouse of information and valuable data, and we strongi 
all professional men engaged in the gold-mining industry."— JI/cnsM^ youmaJi 



Gold ExtrdcHoHi 

THE CYANIDE PROCESS OF GOLD EXTRACTION : and 
its Practical Application on the Witwatersrand Gold Fields in South Africa, 
by M. Eissi^ER, M.E., Mem. Inst. Mining and Metallurgy, Author ot 'Ti.e 
Metallurgy of Gold," &c. With Diagrams and Working Drawings. Large 
crown 8vo, 7s. 6d. cloth. \yust published. 

" This book is just what was needed to acquaint mining men with the actual working of a pro- 
cess whict\ is not only the most popular, but is, as a general rule, the most successful for the extrac- 
tion of gold from taihngs." — Mining- journal. 

" The work will prove invaluable to all interested in gold mining, whether metallurgists or as 
investors." — Chemiaxl News. 

Silver f MetaUurgy of, 

THE METALLURGY OF SILVER : A Practical Treatise on 
the Amalgamation, Roasting, and Lixiviation of Silver Ores. lnciu<iinK the 
Assaying, Melting and Rehning, of Silver Bullion, by M. Eissler, Author 
of "The Metallurgy of Gold," &c. Second Edition, Enlarged. With 150 
Illustrations. Crown 8vo, los. 6d. cloth. 

" A practical treatise, and a technical work which we are convinced will supply a long-felt want 
amongst practical men, and at the same time be of value to students and others mdiiectly connected 
with tne industries." — Miniftg^ youmal. 

" From first to last the book is thoroughly sound and reliable."— C^/<«*:y Guardian. 

" For chemists, practical miners, assayers, and investors alike, we do not know of any work 
on the subiect so handy and yet so comprehensive."— (tAm^ipsv HtrtUd, 

Lead, Metallurgy of. 

THE METALLURGY OF ARGENTIFEROUS LEAD: A 
Practical Treatise on the Smelting of Silver-Lead Ores and the Refining of 
Lead Bullion. Including Reports on various bmelting Establishments and 
Descriptions of Modern Smelting Furnaces and Plants in Europe and 
America. By M. Eissler, M.E., Author of "The Metallurgy of Gold." &Ct 
Crown 8vo, 400 pp., with 183 Illustrations, 125. td. cloth. 

" The numerous metallurgical processes, which are fully and extensively treated of, embrace 
all the stages experienced in the passage of the lead from the various natural states to its issue 
from the refinery as an article of commerce."— y^racftV-tf/ Engineer. 

" The present volume fully maintains the reputation of the author. Those who wish to obtain 
a thoroui[h insight into the present state of this industry cannot do better than read this volume, 
and all mming engineers cannot fail to find many useful hints and suggestions in ix."— Industries. 

" It is most carefully written and illustrated with capital drawings and diagrams. In fact, it is 
the work of an expert for experts, by whom it will be prized as an indispensable text>book." — 
Bristol Mercury. 

Iron Mining, 

THE IRON ORES OF GREAT BRITAIN AND IRELAND : 
Their Mode of Occurrence, Age, and Origin, and the Methods of Searchini^ 
for and Working them, with a Notice of some of the Iron Ores of Spain. 
By J. D. Kendall, F.G.S., Mining Engineer. Crown 8vo, i6s. cloth. 

" The author has a thorough practica knowledge of his subject, and has supplemented a care- 
Ail study of the available literature by unpublished information derived from his own observations. 
The result is a very useful volume which cannot fail to be of value to all interested in the iron 
industry of the coMnXry."— Industries. 

*' Mr. Kendall is a great authority on this subject and writes from personal observation." — 
Colliery Guardian. 

" Mr. Kendall s book is thoroughly well done. In it there are the outlines of the history of 
ore mining in every centre and there is everything that we want to know as to the character of the 
ores of each district, their commercial value and the cost of working them. '—Iron and Stetl 
A raJis yournal. 
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ELECTRICITY, ELECTRICAL ENGINEERING, etc. 

Electrical Engineering. 

THE ELECTRICAL ENGINEER'S POCKET-BOOK OP 

MODERN RULES, FORMULA, TABLES, AND DATA. By H. R. 

Kbmpe, M.Inst.E.E., A.M.Iost.C.E., Technical Officer, Postal leiecraphg, 

Author of " A Handbook of Electrical Testing." &c. Second Ed tioii, 

thoroughly Revised, with Additions. With numerous Illustrations. KoyitJ 

32010, oblong, 55. leather. 

" There is wry little in the shape of formulae or data which the electrician is likelr te want 
In a huiry which cannot be found in ith pages." — Practical Engineer. 

" A veiv useful book of reference for daily use in practical electrical eneineering and its 
various appfications to the industries of the present day." — Iron. 

" It is the best book of its k.\i\^."—Electru-ai Engtneer. 

"Well arranged and compact. The * Electrical Engineer's Pocket- Book ' is a good one."— 
Electrician. 

" Strongly recommended to those engaged in the variotts electrical Industries."— .ffi!ec/ru»/ 
Revitw, 

Electric lAghting. 

ELECTRIC LIGHT FITTING : A Handbook for Working 
Electrical Engineers, embodying Practical Notes on Installation Manage* 
ment. By John W. Urquhart, Electrician, Author of " Electric Light." &c 

With numerous Illustrations. Second Edition, Revised, with Adcitional 

Chapters. Crown 8vo, 5s. cloth. 

" This volume deals with what may he termed the mechanics of electric lighting, and to 
addressed to m«n who are already engaged in the work or are training 'or it. Th«* work traverses 
a gre«t deal of ground, and may be read as a sequel to the same author's useful wora on ' Electric 
Light' "—Electrician. 

" This is an attempt to state In the simplest tankage the precautions which should be adopted 
In installing the electnc light, and to give information, for the guidance of those who have to run 
the plant when installed. The book is well worth the perusal of the workmen for whom it is 
■writtetL"— Electrical Review. 

" We have read this book with a good deal of pleasure. We believe that the book will be of 
use to practical workmen, wbo will not be alarmed by finding mathematical formulic whicn they 
are unable to understand."— f^c/ric-a/ Plant. 

" Eminently practical and useful. . . . Ought to be in the hands of everyone in charge of 
an electnc light plant."— Electrical Engineer. 

" Mr. Urquhart has succeeded in producing a really capital book, which we haw no hesitation 
in recommending to the notice of working etectridans and electrical vagiaeeta."—MecJlanical 
IVorld. 

Electric Light. 

ELECTRIC LIGHT : Its Production and Use. Embodying Plain 
Directions for the Treatment of Dynamo-Electric Machines, Batteries, 
Accumulators, and Electric Lamps. By J. W. Urquhart, C.E., Author of 
"Electric Light Fitting," "Electroplating," &c. Fifth Edition, carefully 
Revised.with Large Additions and 145 Illustrations. Crown 8vo, fs. 6J. cloth. 
" The whole ground of electric lighting is more or less covered and explained in a very dear 

and concise vaanner."— Electrical Review. 

" Contains a good deal of very interesting information, especially in the parts where the 

author gives dimensions and « orking costs." — Electrical Engineer. 

" A miniature vade-mecum of the salient facts connected with the science of elertric light* 

lng."—E/ectrician. 

"You cannot for your purpose have a better book than 'Electric Light,' by Urquhart."— 

En£ineer. 

" The book Is by far the best that we have yet met with on the subbed."- A themeum. 

Construction of Dynamos. 

DYNAMO CONSTRUCTION : A Practical Handbook for the Use 
of Engineer Constructors and EUctricians-ip-Charee. Embracing Frame- 
work Building, Field Magnet and Armature Winriing and Grouping, Com- 
pounding, &c. With Examples of leading English, American, and Conti- 
nental Dynamos and Motors. By J. W. Urquh/irt, Author of "Electric 
Light," " Electric Light Fitting," ftc. Second Edition, Revised and £n- 
brged. With 114 lUuRtrations. Crown 8vo, 7s. 6d. cloth. IJust published. 

*' Mr. Urquhart's book is the first one whicn deals witn these matters in such a way that the 
engineering student can understand them. The hook is very readable, and the author leads hM 
readers up to difficult sub<ects by reasonably simple tests." — knj^ni'ertn.t!' Kevirw. 

" The author deals with his subject m a style so popular as to make his volume a handbook of 

Jreat practical value to engineer contractors and electricians in charge of lighting installations."— 
cotsman. 

"•Dynamo Construction' more than sustains the high character of the authors previous 
publications. It is sure to be widely read by the large and rapidly increasing ni mber oi uractical 
electricians." — Glasgow Herald. 

" A book for which a demand has long existed."— JlftrAanito/ World. 
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A New JHctionary of Electricity. 

THE STANDARD ELECTRICAL DICTIONARY, A Popu- 
lar Dictionary of Words and Terms Used io the Practice of Electrical Engi- 
neering. Containing upwards of 3,000 Definitions. By T. O'Connor Sloans 
A.M., Ph.D.. Authar of "The Anthmetio of Electricity," &c. Crowa 8vo, 
6^0 pp., 350 Illustrations, 75. td. cloth. C3^tfs< published. 

"The work has many attractive features in it, and is beynnd doubt, a weu put together and 
aseful publicat'on. The amount of ground covered may be gathered from the fact that in the 
itidex about 5,000 references will be found. The inclusion of such comparatively modem words 
as ' impedence,' 'reluctance,' Hic., shows that the author lias desired to be up to date, pnd indeed 
there are other indications of carefulness of compilation. The work is one which does trie author 
great credit and it should prove of great value, especially to sUxdenxs."— Electrical Review. 
Very complete and contains a large amount of useful information." — Industries. 
" An encyclopaedia ot electrical science m the compass ot a dictionary. The information 
given IS so'ind and clear. The book is well printed, well illustrated, and well up to date, and may 
He '.onfidently recommended."— ^wt/flfer, 

" The volume is excellently printed and illustrated, and should form part of the library of 
e /ery one who is connected with electrical matters."— /fart/wAr^ Trade journal. 

Electric Lighting of Ships. 

ELECTRIC SHIP.LIGHTING : A Handbook on the Practical 
Fitting and Running of Ship's Electrical Plant. For the U$e of Shipowners 
and Builders. Mariue Electricians, and Sea-going Enginf»ers-in-Charge. By 
). W. Urquha^t, C.E. With 88 Ilhistratir ns. Crown Bvo, 7s 6i. clotn. 



" The »ub|ect ot sniu electric lighting is one of vast importance in these days, and Mr. Urqu- 
hart is to be highly complimented for placing such a valuable work at the service of the practical 
marine electrician."— 7 A« Steamship. 

" Distinctly a hook which of its kind stands almost alone, and for which there should be a 
demaid.' — E ectrical Review. 

Country House Electric Lighting, 

ELECTRIC LIGHT FOR COUNTRY HOUSES : A Practical 
Handbook on the Erf ction and Running of Small Installations, with par- 
t'culars of the Cost of i'lant and Working, By J. H. Knight. Crown 8vo, 
IS. wrapper. [Just published. 

Electric lAghting* 

THE ELEMENTARY PRINCIPLES OF ELECTRIC LIGHT- 
ING. By Alan A. Campbell Swinton, Associate I.E.E. Third Edition, 
Enlarged and Revised. With 16 Illustrations. Crown 8vo. is. td. cloth. 
"Anyone who desires a short and thoroughly dear exposition of the etementaiy principles of 
electric lighting cannot do better than read this little m<yik.Sr«u(/brd OSstrvtr. 

Dynamic Electricity, 

THE ELEMENTS OF DYNAMIC ELECTRICITY AND 
MAGNETISM. By Philip Atkinson, A.M., Ph.D., Author of "The Elt- 
ments of Electric Lighting," &c. Cr. ovo, with 120 Illustrations, los. 6d. ci. 

Electric Motors^ it'c. 

THE ELECTRIC TRANSFORMATION OF POWER and its 
AppUcation by the Electric Motor, inciuding Electric Railway Construction. 
By P. Atkinson, A M., Pn D , Author of "The Elements of Electric Light- 
ing," &c. With 96 Illustrations. Crown 8vo, 75. 6d. cloth. 

Dynamo Construction. 

HO WTOMAKEA D YNA MO : A Practical Treatise for Amateun. 

Containing numerous Illustrations and Detailed Instructions for Construct* 

ing a Small Dynamo, to Produce the Electric Light. By Alfred Crofts. 

Fourth Edition. Revised and Enlarged. Crown 8vo, 25. cloth. 

"The instructions given in this unpretentious little book are sufficiently clear and explicit to 
enable any amateur mechanic possessed of average skill and the usual tools to be found in an 
aiitateur's workshop, to build a practical dynamo machine."— f^c^Hciaw. 

Text Book of Electricity. 

THE STUDENTS TEXT-BOOK OF ELECTRICITY. By 
Henry M. Noad, F.R.S. 630 pages, with 470 Illustraticns. Chearer Fditicn. 
Crown 8vo, gs. cloth. [Just pubLshed. 

Electricity, 

A MANUAL OF ELECTRICITY : Including Galvanism, Mag. 
netism, Dia^Magnetism, Electro-Dynamics, By Hemrt M. Noad, Ph.D., F.K.S. 
Fourth Edition (1859). 8vo, £1 45. cloth. 
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ABCHITB CTURE, BUILD INQ, eto. 

Building Construction. 

PRACTICAL BUILDING CONSTRUCTION : A Handbook 

for Students Preparing; for Examinations, and a Book of Reference for 

Persons Bogiged in BuildiofS. By John P. Allen, Surveyor, Lecturer on 

Building Construction at ihe Durham College ot science, Newcastle. Medium 

8vo, 450 pages, with i,oco Illustrations. X2S. td. cloth. [3^*»^ publishid. 

'* This volume Is one of che most complete expositions of building' construction we have seen. 

It contains all that is necessary to prepare students lor the \arious examinations in building con< 

Uxuction.''—ButldtH£- News. 

" The author depends nearly as much on his diagrams as on his type. The pages suggest 
the hand of a man of experience in building operations— and the volume must be a blessing to 
many teachers as well as to students."— The Architect. 

" The work is sure to prove a formidable rival to great and small competitors alike, and bids 
fair to take a permanent place as a favourite students' text-book. The large number of illustra- 
tions deserve particular mention for the erent ment they possess for purpostes of reference, in ex* 
actly corresponding to convenient scales. —7<?Mr. Inst. Brit. Archts. 

The New London Building Act, 1894. 

THE LONDON BUILDING ACT, 1894; with the By-Laws 
and Regulations of the London County Council, and Introduction, Notes, 
Cases and Index. By Alex. J. David. R.A., LL.M. ol the Inner Tfmple, 
Barrister-at-Law. Crown 8vo, 35. 6d. cloth. [Just published. 

" To all architects and district surveyors and builders, Mr. David's manual will be welcome." — 

Building- News. 

"The volume will doubtless be eagerly consulted by the building fraternity." — Illustrated 

Carpenter and Builder. 

f^twtiit^ve te 

CONCRETE: ITS NATURE AND USES. A Book for 

Architects, Builders, Contractors, and C lerks of Works. Bv George L. 

SuTCLiFFE, A.R.I.B.A. Crown 8vo, 7s. 6d. cloth. iJ^t published. 

" The author treats a difficult subject in a lucid manner. The manual fills a long-fe't gap. It 
is careful and exhaustive ; equally useful as a student's guide aud a architect's book of refereuce." 
— journal of Royal Institution of British Architects, 

" There is room for tnis new book, which will probably be for some time the standard work on 
the subject for a builder's purpose." — Glasgow Herald. 

" A thoroughly useful and comprehen»ve work." — British Architect, 

Mechanics for Architects. 

THE MECHANICS OF ARCHITECTURE : A Treatise on 
Applied Mechanics, especially Adapted to the Use of Architects. Bv E. W. 
Tarn, M.A., Author of *' The Science of Building," &c. Second Edition, 
Enlarged. Illust. with 125 Diagrams. Cr. Svo, 75. 6d. cloth. [^Just fmhlished, 
" The book is a very useful and heloful manual of architectural mechanics, and really contains 
sufficient to enable a careful and painstaking student to grasp the principles bearing upon the ma- 
jority ot building problems. . . . Mr. Tarn has added, by this volume, to the debt of gratitude 
which is owing to him by architectural students for the many valuable works which he has pro- 
duced for their use."— The Builder. 

" The mechanics in the volume are really mechanics, and are harmoniously wrought in with 
Che distinctive profesMonal manner proper to the subject. '—The Schoolmaster. 

The New Builder's Brice Book, 1^93. 

LOCK WOOD'S BUILDER'S PRICE BOOK FOR 1895. A 
Comprehensive Handbook of the Latest Prices and Data for Builders, 
Architects, Engineers, and Contractors. By Francis T. W. Miller. 800 
closely-printed pages, crown »vo. 4s. cloth. 

" This book is a very useful one, and should find a place in every Ei^lish office connected with 
the building and engineering professions." — Industries. 
" An excellent book of reference." — Architect. 

" In its new and revised form tnu Knee tiooK is what a work of this kind should be — compre* 
hensive, reliable, well arranged, legible, and well houud."— British Architect, 

Designing Buildings. 

THE DESIGN OF BUILDINGS: Being Elementary Notes 
on the Planning, Sanitation and Ornamentive Formation of Structures, based 
on Modern Practice. Illustiated witb Nine Folding Plates. By W. Wooi>- 
LEY, Assistant Master, Metrop>olitan Drawing Classes, &c. bvo, 6s. cloth. 

Sir Wm. Chambers's Treatise on Civil JLrchitectwrft. 

THE DECORATIVE FART OF CIVIL ARCHITECTURE. 
By Sir William Chambers, F.R.S. With Portrait, Illustrations, Notes, and 
an Examination of Grecian Architecture, by Joseph Gwilt, F.S.A. Revised 
and Edited by W. H. Leeds. 66 Plates, 4(0. 215. cloth. 
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ViUa Architecture. 

A HANDY BOOK OF VILLA ARCHITECTURE : Being a 
Series of Designs for Villa Residences in various Styles. With Outline 
Specifications and Estimates. By C. Wickrs, Architect, Author of "The 
Spires and Towers of Eneland," &c. 6i Plates. 4to. £i iis. 6d. ha1f-fPorcrcr» 
** The whole of the designs bear evidence of thetr belne che work of an artistic arducecu ano 
Chey wlO prove very vaJuable and suggestive."Suiidin£ Ntwi. 

Teact'Book for Architects. 

THE ARCHITECT'S GUIDE: BHng a Text-Book of Useful 
Information for Architects^ Engineers, Surveyors^ Contractors^ Clerks of 
WorkSt &c. &c. By Frederick Rogers, Architect. Third Edition. Crown 
8vo, 3S. 6d. cloth. 

" As a text-book of useful Information for architects, ensfineen, surwyors, &c.. it would b« 
hard to find a handier or more complete little volume." — SianaartL 

Taylor and Cresy's Rome. 

THE ARCHITECTURAL ANTIQUFTIES OP ROME. By 
the late G. L. Taylor, Esq., F.R.I. B.A., and Edward Cresy, Esq. New 
Edition, thorouehly Revised by the Rev. Alexander Taylor, M.A. (son of 
the late G. L. Taylor, Esq.), Fellow of Queen's College, Oxford, and Chap- 
lain of Gray's Inn. Large folio, with 13c Plates, £3 3s. half-bound. 
" Taylor and Cresy's woric has trom its nrst pubUcaaon beeu ranked among those professional 
boolcs which cannot be bettered , ' '—A rch itect. 

I/ivhear ^^ers't^ectt've 

ARCHITECTURAL PERSPECTIVE : The whole Course and 
Operations of the Draughtsman in Drawing a Large House in Linear Per- 
spective. Illustrated by 4) Foldine Plates. By F. O. Fergttson. Second 
Edition, Enlarged. 8vo, 3s. 6d. boards. {J^^t published. 

" It is the most intelligible of the treatises on this ill-treated subject that 1 have met with. ' — 

E. Ingress Bell. Esq.. in the RJ.B.A. yournaL 

Architectural, Drawing. 

PRACTICAL RULES ON DRA WINGJor the Operative Builder 
and Young Student in Architecture, By George Pynb. With 14 Plates, 4to, 
75. 6d. boards. 

Vitruvius' Architecture. 

THE ARCHITECTURE of MARCUS VITRUVIUS POLLIO. 
Translated by Joseph Gwilt, F.S.A., F.R.A.S. New Edition, Revised by 
the Translator. With 23 Plates. Fcap. 8vo, 5s. cloth. 

Designing f Measuringf and Valuing. 

THE STUDENTS GUIDE to the PRACTICE of MEASUR- 
ING AND VALUING ARTIFICERS' WORK, Containing Directions lor 
taking Dimensions, Abstracting the same, and bringing the Quantities into 
Bill, with Tables of Ccnstants for Valuation of Labour, and for the Calcula- 
tion of Areas and Solidities. Originally edited by Edward Dobson, Architect. 
With Additions by R. Wyndham Tarn. M.A. Sixth Edition. With SPlatfcS 
and 63 Woodcuts. Crcwn 8vo, 7s. 6d, cloth. 
" This editioD will be found the most complete treatise on the principlM of measuring and 
valuing artificers' work that has yet been published."— ^wt^i^i^^-iVnHr. 

Pocket Bstifnator and Technical Gnide. 

THE POCKET TECHNICAL GUIDE, MEASURER, AND 
ESTIMATOR FOR BUILDERS AND SURVEYORS, Containing Tech- 
nical Directions for Measuring Work in all the Building Trades, Complete 
Specifications for Houses, Roads, and Drains, and an easy Method of Estimat- 
ing the parts cf a Building collectively. By A. C. Beaton. Seventh Edit. 
Waistcoat-pocket size, X5. 6d. leather, gilt edges. 
" No builder, architect, surveyor, or valuer should k>e without bis ' Beaton.' "—BHtlding News, 

Donaldson on Specifications. 

THE HANDBOOK OF SPECIFICATIONS: or, Practical 
Guide to the Architect, Engineer, Surveyor,' and Builder, in drawing up 
Specifications and Contracts lor Works and Constructions. Illustrated by 
Precedents of Buildings actually executed by eminent Architects and En* 

Sineers. By Professor T. L. Donaldson, P.R.I.B.A., &c. New Edition, 
vo. with upwards of t.ooo paeei> of Text, and 3^ Plntes. ^x xis. 6d. cloth. 
" Valuable as a record, and more valuable still as a book of precedents. . . . Suffice it to 
say that Donaldson's ' Handbook ot Specifications ' must be bought by all architects. "~^Mi7</«r. 
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Ba/rtholomew and Rogers^ Specifications* 

SPECIFICATIONS FOR PRACTICAL ARCHITECTURE. 
A Guide to the Architect, Engineer, Survejror, and Builder. With an Essay 
on the Structure and Science of Modern Buildings. Upon th6 Basis of the 
Work by Alfrbd Bartholomew, thoroughly Revised, Corrected, andgreatlv 
added to by Frbderick Rogbrs, Architect. Third Edition, Revised, with 
Additions. With numerous Illustrations. Medium 8vo, 155. cloth. 
" The collection of specifications prepared by Mr. Roeers on the basis of Barthotomew's work 

i i too well known to need any recommendation from us. It is one of the books with which erery 

young architect must be equipped."— ^rcAAScA 

Construction. 

THE SCIENCE OP BUILDING : An Elementary Treatise on 
the Principles of Construction. By E. Wyndham Tarn, M.A., Architect. 
Third Edition. Revised and Enlarged. With 59 Engravings. Fcap. 8vo, 41. cl» 
"A very valuable book, which we stronifiy recommend to all students."— .^MiMcr. 

Hotufe Building and Repairing. 

THE HOUSE'OWNER'S ESTIMATOR ; or, What wUl it Cost 
to Build, Alter, or Repair? A Price Book for Unprofessional People, as 
well as the Architectural Surveyor and Builder. By J. D. Simon. Edited by F» 
T. W. MiLLBR, A.R.I.B.A. Fourth Edition. Crown 8vo, 35. 6d» cloth. 
"In two years it win repay its cost a nunarea ttmna atvt."^Fieid, 

Cottages and Villas* 

COUNTRY AND SUBURBAN COTTAGES AND VILLAS: 
How to Plan and Build Them. Containing 33 Plates, with Introductiont 
General Explanations, and Description of each Plate. By Jambs W. BoouBi 
Architect, Author of " Domestic Architecture/' &c. 4to, xos. 6d. cloth. 

Building ; Civil and Ecclesiastical. 

A BOOK ON BUILDING, Civil and Ecclesiastical including 
Church Restoration ; with the Theory of Domes and the Great Pyramid, &c. 
By Sir Edmund Beckbtt, Bart.. LL.D., F.R.A.S. Fcao. bvo, 53. cloth. 
" A book which is always amusm^r ^d nearly always tnstructiTe."— 7Vm«r. 

Sanitary Houses^ etc. 

THE SANITARY ARRANGEMENT OF DWELLING- 
HOUSES: A Handbook for Householders and Owners of Houses. By A. 
J. Wallis-Taylbr, A.m. Inst. C.E. With numerous illustrations. Crown 
8vo, 2£. 6d. cloth. U'tt^t published. 

" This book will be largely read ; it will be of considerable service to the public. It is well 
arranged, easily read, and for the most part devoid of technical tetius,"—/.ancei. 

Ventilation of Buildings. 

VENTILATION. A Text Booh to the Practice of the Art of 

Ventilating Buildings. By W. P. Buchan. R.P. xsmo, 4s. cloth. 
" (Contains a great amount of useful practical information, as thoroughly interesting as it is 
technically reliable."— <0r(/uA Architect. 

The Art of JPlumhing. 

PLUMBING. A Text Book to the Practice of the Art or Craft of 
the Plumber. By William Paton Buchan, R.P. Sixth Edition. 4s. clothe 
"A text'book which may t>e safely put in the hands of every youug plumber."— ^Mt^rr. 

Geometry for the Architect, JEngineer, etc* 

PRACTICAL GEOMETRY, for the Architect, Engineer, and 
Mechanic. Giving Rules for the Delineation and Application of variou» 
Geometrical Lines, Figures and Curves. By £. W. Tarn, M.A., Architect. 
8vo, 9s. cloth. 

" No book with the same objects In view has ever Deen published In wnich tne clearness of tta« 
rales laid down and the illustrative diagrams have been so s atisfac t ory."— A^wrmaw. 

l%e Science of Geometry* 

THE GEOMETRY OF COMPASSES; or, Problems Resolved, 
by the mere Description of Circles, and the use of Coloured Diagrams and 
Symbols, By Olivbr Byrnp. Coloured Plates. Crown 8vo, 3s. 64, cloth. 
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CARP ENTRY, TIMBER , etc. 

Tredgold^s Carpentryf Mevised & Enlarged by Tarn. 

THE ELEMENTARY PRINCIPLES OF CARPENTRY. 
A Treatise on the Pressure and Equilibrium of Timber Framing, the Resist- 
ance of Timber, and the Construction of Floors, Arches, Bridges, Roots, 
Uniting Iron and Stone with Timber, &c. To which is added an Essay 
on the Nature and Properties oi Timber, &c., with Descriptions of the kinds 
of Wood used in Building ; also numerous Tables of the Scantlings of Tim- 
ber for different purposes, the Specific Gravities of Materials, &c. By Thomas 
Tredgold, C.E. with an Appendix of Specimens of Various Roots of Iron 
and Stone, lUustiated. Seventh Edition, thoroughly revised and considerably 
enlarged by E. Wyndham Tarn, M.A., Author ot "The Science of Build- 
ing," &c. with 6i Plates, Portrait of the Author, and several Woodcuts. In 
One large Vol., 4to, price £i 5s. cloth. 

" OugHt to be in every architect's and every builders library."— irM</<fer. 
" A work whose monumental excellence must commend it wherever skilful carpentry Is con* 

eemed. The author's principles are rather confirmed than impaired by time. The additional 

^tec are of i^reat intrinsic Tauue."— ^»iU«>v News. 

Woodworking Machinery. 

WOODWORKING MACHINERY : Its Rise, Progress, and 
Construction. With Hints on the Management ot Saw Mills and the Economi- 
cal Conversion of Timber. Illustrated with Examples of Recent Designs by 
leading English, French, and American Engineers. By M. Powtq Ralr, 
A.M.InstC.E., M.I.M.E. Second Edition, Revised, with large Additions. 
Large crown 8vo, 440 pp., 9s. cloth. \Jttst published, 

" Mr. Bale is evidently an expert on the subject and he has collected so mocn mionuaoon that 
the book is all-sufficient for builders and others engaged in the conversion of timber." —Architect. 



The most comprehensive compendium of wood-working machinery we have teen. The 
author is a thorouf^h master of his saoiecU'—BMiiding News. 

Haw Mills. 

SA W MILLS : Their Arrangement and Management, and the 
Economical Conversion of Timber. (A Companion Volume to ** Woodwork- 
ing Machinery.") By M. Powis Bale. Crown 8vo, los. 6d. cloth. 
" The adnttitistratioM of a lar{^ sawm^ establishment is discussed and the »uoiect examined 
from a financial standpoint. Hence the size, shape, order, and disposition of saw-mills and the 
like are g:one into in detail, and the course of the timber is traced from its reception to its delivery 
fa its converted state. We could not desire a more complete or practical treatise."— ^Mu</«r. 

^icholson^s Carpentry. 

THE CARPENTER'S NEW GVIDE : or, Book of Lines for Car- 
penters ; comprising all the Elementary Principles essential for acquiring a 
knowledge of Carpentry. Founded on the late Peter Nicholson's Standard 
Work. New Edition, Revised b^ A. Ashpitel, F.S.A. With Practical 
Rules on Drawing, by G. Pynb. With 74 Plates. 4to, £'x i^* cloth. 

Handrailitig and Stairbuilding. 

A PRACTICAL TREATISE ON HANDRAILING : Showing 
New and Simple Methods tor Finding the Pitch of the Plank, Drawing the 
Moulds, Bevelling, Jointing-up, and. Squaring the Wreath. By Gborgb 
Colli NGS. Second Edition, Revised and Enlarged, to which is added A 
Treatise on Stairbuilding. i^mo, 25. 6d cloth limn. 

" Will be found of practical utility in the execution of this difficult branch of ioinery."—Buiiaer. 

" Ahnobt every difficult phase of this somewhat intricate branch of joinery is elucidated by the 
aid of plates and explanatory lettexpnss."— Furniture Gojutte. 

€Jircutar ¥¥^orFc. 

CIRCULAR WORK IN CARPENTRY AND JOINERY: A 

Practical Treatise on Circular Work of Single and Double Curvature. By 

George Collings. With Diagrams. Second Edit. lamo, 2^. f^d. cloth limp. 

" An excellent ei^ample of what a book of this kind should be. Cheap in pnce. clear in definl- 

t on and practical in the examples selected. "—<0»(/<^r. 

Handrailing, 

HANDRAILING COMPLETE IN EIGHT LESSONS, On 
the Square-Cut System. By J. S. Goldthorp, Teacher of Geometry and 
Building Construction at the Halifax Mechanic's Institute. Witu Eight 
Plates and over 150 Practical Exercises. 4to, 3s. fd. cloth. 

" L.>k«>lv to be of considerable value to joiner; and others who take a pride in good work. 
ere heartily ci mmend .t to teachers and student?. "—T'tm^r Trades yountat,. 



CAHPESTHY. TIMBER, ea, ag 

Timber Merchant's Companion, 

THE TIMBER MERCHANTS AND BUILDER'S COM- 
PAN ION. Containing New and Copious Tables of the Reduced Weight and 
Measurement of Deals and Battens, ot all sizes, from One to a Thousand 
Pieces, and the relative Price that each &ize bears per Lineal Foot to any 
nven Price per Petersburg Standard Hundred ; the Frice per Cube Foot of 
Square Timoer to any given Price per Load of 50 Feet ; the proportionate 
Value of Deals and Battens by the Standard, to Square Timber by the Load 
ot 50 Feet ; the readiest mode of a&certainmg the Price of Scantling per 
Lineal Foot of any size, to any given Figure {>er Cube Foot, &c. Ac. By 
William Dowsing. Fourth Edition, Revised and Corrected. Cr. 8to, 3s. cl. 
" ETerythingf is as concise and clear as it can possiblv be made. There can be no doubt that 

•rery timber merchant and builder ougfht to possess it." —Hull Advertiser. 

"We are glad to see a fourth edition of these admirable tables, which for correctness and 

simplicity of arrancement leave nothini^ to be desired."— Ttmlftr Trmus youmal, 

Eremitical Timber Mercfianu 

THE PRACTICAL TIMBER MERCHANT. Being a Guide 
for the use of Building Contractors, Surveyors, Builders, &c., comprisiue 
useful Tables for all purposes connected with the Timber Trade, Marks ot 
Wood, Essay on the Strength of Timber, Remarks on the Growth of Timber, 
&c. By W. RicHARDSOM. Fcap. 8vo, 35. 6d. cloth. 
" This handy manual contains much valuable information for tiie use of timber merchants* 

bonders, foresters, and all otiien connected with the growtli, sale, and manufacture of timber."— 

yei M ' Mai ^ Fortstry, 

Timber Freight Booh. 

THE TIMBER MERCHANTS, SAW MILLER'S, AND 
IMPORTER'S FREIGHT BOOK AND ASSISTANT. Comprising Rulet » 
Tables, and Memoranda relating to the Timber Trade. By William 
Richardson, Timber Broker; together with a Chapter on " Speeds op Saw 
Mill Machinery," by M. Powis Balk, M.I.M.E., &c; xamo. 3s. 6d. cl. boards. 
"A very useful manual of rules, tables, and memoranda relating to the timber trade. We re> 

commend it as a compendium of calculation tn all timber measurers and merchants, and as supply* 

Inff a real want in the xxt6»,"—Buiiding News, ^ 

Packing'Cane Matcera^ Tables for. 

PACKING-CASE TABLES ; showing the number of Super, 
ficial Feet in Boxes or Packint;-Ca«e8, from six inches square and upwards. 
By W. Richardson, Timber Broker. Third Edition. Oblong 4to, 35. 6d. cJ» 

" Invaluable labour-saving tables." — tronmon<rer. 
"Will save much labour and calculation. "- 



Superficial Measurement, 

THE TRADESMAN'S GUIDE TO SUPERFICIAL MBA^ 

SUREMENT. Tables calculated from i to 200 inches in len^h, by x to xo8 

inches in breadth. For the use ot Architects, Surveyors, Engineers, Timber 

Merchants, Builders, && By James Hawkinos. Fourth adition. Fcap., 

3s. 6d. cloth. 

" A useful collection of tables to fttdlltate rapid calculation of surfaces. The exact area of any 

surface of which the limits have been ascertained can be instantly determined. The book will be 

found of the (^eatest utUitv to all engnsred in »>uildini;f opention%."—Srots»HaH, 

" These tables will be found of great assistance to all who require to make calculations in supet* 
(icial measurement."— f>V^if A Mechanic. 

Forestry. 

THE ELEMENTS OF FORESTRY. Designed to afford Id- 
formation concerning the Planting and Care of Forest Trees for Ornament or 
Profit, with Suggestions upon the Creation and Care of Woodlands. By F. B. 
Hough. Large crown 8vo, ids. cloth. 

Timber Importer's Guide. 

THE TIMBER IMPORTER 'S. TIMBER MERCHANTS, AND 
BUILDER'S STANDARD GUIDE. By Richard E. Grandt. Compris- 
ing an Analysis of Deal Standards, Home and Foreign, with Comparative 
Values and Tabular Arrangements for fixing Net Landed Cost on Baitic 
and North American Deals, including all intermediate Expenses, Freight, 
Insurance, &c. &c. Together with copious Information for the Retailer and 
Builder. Third Edition, Revised. lamo, ss. cloth limp. 
" Rverythboir it pretends to be : built up nadually, it leads one from a fbrest to a treenail, and 

throws in, as a inakeweiifht, a host of materis crmceminfl^ bricks, columns, cbtams, ftc' —Enclish 

Mickanic. 
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DECORATIVE ARTS, etc. 



Woods and Marbles (Imitation of). 

SCHOOL OF PAINTING FOR THE IMITATION OF WOODS 
AND MARBLES, as Taught and Practised by A. R. Van dbr Burg and P. 
Van dbr Burg, Directors of the Rotterdam Painting Institution. Royal folio, 
i8i by 12^ in., Illustrated with 24 full-size Coloured Plates; also 12 plain 
Plates, comprising 154 Figures. Second and Cheaper Edition. Price £1 izi. 6d. 

List 0/ Plates. 

Finished Specimen— 19. Ma&ogmny : Spectmens 
of various brains and Methods of Manipulation 
— «o, s^. Mahogany: Earlier Stages and Finished 
Specimen — aa, a^. 34. Sienna Marble : Varieties 
of Grain, PreUminary Stages and Finished 
Specimen— 35, 36, 87. Juniper Wood : Methods 
of producing Grain, &c.: Preliminary Stages 
and Finished Specimen — aS, 99, 30. Vert de 
Mer Marble : Varieties of Grain and Methods 
of Working Unfinished and Finished Speci- 
mens— 31. 3a. 33. Oak : Varieties of Grain, Tools 
Employed, and Methods of Manipulation, Pre- 
liminary Stages and Finished Specimen — 34, 45, 
|6. Waulsort Marble: Varieties of Gnin, Un* 
finished and Finished Specimens. 



I. Varloos Tools leqtilred for Wood Fainting 
—t, 3. Walnut: Preliminary Stages of Graining 
and Finished Specimen -^4. Tools used for 
Marble Painting and Methoa of Manipulation— 

6. St. Remi Marble: Earlier Operations and 
Fhiished Specimen— 7. Methods of Sketching 
different Grains, Knots, Ac— 8. 9. Ash: Pre- 
minary Stages and Finished Specimen — 10. 
Methods of Sketching Marble Grains — iz, xa. 
Breche Marble : Preliminary Stages of Working 
and Finished Specimen— 13. Maple: Methoos 
of Producing the different Grains— 14, 15. Bird's- 
eye Maple: Preliminary Stages and Finished 
Specimen — x6. Methods of Sketching the dif- 
ferent Species of White Marble— 17, x8. White 
Marble: Preliminary Stages of Process and 

- " Those who desire to attain skill in the art of painting woods an^ marbles will find advantage 
consulting this book. . . . Some of the Working Men's Clubs should give their young men 
the opportunity to study it." — Builder. 

" A comprehensive guide to the art. The explanations of the processes, the manipulation and 
management of the colours, and the beautifuUv executed plates will not be the least valuable to th* 
student who aims at making his work a faithful transcript of nature."— J?»i£i^<i^ Newt. 

Wall Paper, 

WALL PAPER DECORATION. By Arthur feEYMOUR 
Jennings, Author of " Practical Paper Hanging." With numerous Illustra- 
tions. Demy 8vo [/» preparation. 

House Decoration. 

ELEMENTARY DECORATION, A Guide to the Simpler 
Forms of Everyday Art. Together with PRACTICAL HOUSE DECORA- 
TION. By Tames W. Facby. With numerous Illustrations. In One Vol., 
5s. strongly half- bound 

Hovse JPainting, Chraining, etc. 

HOUSE PAINTING, GRAINING, MARBLING, AND SIGN 
WRITING, A Practical Manual of. By Ellis A. Davidson. Sixth Edition 
With Coloured Plates and Wood Engravings. lamo, 65. cloth boards. 

" A mass of information, of use to the amateur and of value to the practical xnaxi."— English 
Mechanic 

DecoratorSf Receipts for, 

THE DECORATOR'S ASSISTANT: A Modern Guide to De- 
corative Artists and Amateurs, Painters, Writers, Gilders, &c. Containing 
upwards of 600 Receipts, Rules and Instructions ; with a variety of Informa- 
tion for General Work connected with every Class of Interior and Exterior 
Decorations, &c. Sixth Edition,  152 pp., crown 8vo, is. in wrapper. 

" Full of receipts of value to decorators, pahiters, gilders, &c. The book contains the gist of 
larger treatises on colour and technical processes. It would be difficult to meet with a work so full 
of varied information on the paiatex's axt."—£MiJ(iini' Newt. 

Moyr Smith on Interior Decoration, 

ORNAMENTAL INTERIORS, ANCIENT AND MODERN. 
By J. MoYR Smith. Super*royal 8vo, with 32 full-page Plates and numeroaa 
smaller Illustrations, handsomely bound in cloth, gilt top, price xSs. 

" The book Is well Illustrated and handsomely got up, and contains some true criticism and 
good many good examples of decorative treatment. —77k Builder. 
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British and Foreign Marbles^ 

MARBLE DECORATION and the Terminology of British and 
Foreign Marbles, A Handbook for Students. By Gborgb H. Blaorovk, 
Author of " Shoring and its Application." &c. With 28 Illustrations. Crowa 
5vo, 35. 6d. cloth. 

" This most useful and much wanted handbook should be in the hands of every turchltect and 
bviMeT."—Buiidirt£- fVorU. 

" A carefully and usefully written treatise ; the work is essentially practical."— ^fi9i;rman 

Marble Working, etc. 

MARBLE AND MARBLE WORKERS: A Handbook for 

Architects, Artists, Masons, and Students. By Arthur Lee, Author of " A 

Visit to Carrara," " The WorkinR of Marble," &c. Small crown 8vo, 25. cloth. 

" A really valuable addition to the technical literature' of architects and masons. "—gwi/rf^w(f 

News. 

DELAMOTTE'8 WORKS ON ILLUMINATION AND ALPHABETS. 



A PRIMER OP THE ART OF ILLUMINATION, for the Use of 
Beginners : with a Rudimentary Treatise on the Art, Practical Directions for 
us Exercise, and Examples taken from Illuminated MSS., printed in Gold and 
Colours. By F. Dblamottb. New and Cheaper Edition. Small 4to, 6s. orna- 
mental boards. 

" The examples of ancient MSS. recommended to the student, which, with much good sense, 
the author chooses from collections accessible to all, ar9 selected with Judgment and Icnowleds*, 
as well as taste." — Athenaum. 

ORNAMENTAL ALPHABETS, Ancient and Mediaval, from the 
Eighth Century, with Numerals; including Gothic, Church-Tezt, large and 
small, German, Italian, Arabesque, Initials for Illumination, Monograms, 
Crosses, &c. &c., for the use of Architectural and Engineering Draughtsmen 
Missal Painters, Masons, Decorative Painters, Lithographers, En^^ravers, 
Carvers, &c. &c. Collected and Engraved by F. Delamottb, and prmted in 
Colours. New and Cheaper Edition. Royal 8vo, oblong, as. 6d, ornamental 
boards. 

* ' For those who Insert enamelled sentences round glided chaOces, who blazon shop l^ends ovet 
shop-doors, who letter church walls with pithy sentences from the Decalon^ue, this book wUl be use* 
\\iL"—Atk€nauni, 

EXAMPLES OP MODERN ALPHABETS, Plain and Ornamental: 
including German, Old English, Saxon, Italic, Perspective, Greek, Hebrew, 
Court Hand, En^ossing, Tuscan, Riband, Gothic, Rustic, and Arabesque; 
with several Original Designs, and an Analysis of the Roman and Old English 
Alphabets, large and small, and Numerals, for the use of Draughtsmen, Sur- 
veyors, Masons, Decorative Painters, Lithographers, Engravers, Carvers, &c. 
Collected and Engraved by F. Delamotte, and printed in Colours. New 
and Cheaper Edition. Royal 8vo, oblong, 2s. 6d. ornamental boards. 

"There Is comprised In It every possible shape into which the letters of the alphabet and 
numerals can be formed, and the talent which has been expended In the conception of the various 
plain and ornamental letters is wonderfuL"-^(ta»<tor<i{. 

MEDIAEVAL ALPHABETS AND INITIALS FOR ILLUMI^ 

NA TORS. By F. G. Dblamottb. Containing 21 Plates and Illuminated 

Title, printed m Gold and Colours. With an Introduction by T. Willis 

Brooks. Fourth and Caeaper Edition. Small 4to, 4s. ornamental boards. 

" A volume in which the letters of the alphabet come forth glorified in gilding and all the colours 

of the prism interwoven and intertwined and intermingled."— nS»m. 

THE EMBROIDERER'S BOOK OP DESIGN, Containing 
Initials, Emblems, Cyphers, Monograms. Ornamental Borders, Ecclesiastical 
Devices, Mediaeval and Modern Alphabets, and National Emblems. Col- 
lected by F. Dblamottb, and printed in Colours. Oblong royal 8vo, is. 6d. 
ornamental wrapper. 

" The book will be of great assistance to ladles and yorn^ children who are endowed with the 
art of plying the needle in this most ornamental and useful pretty wotk."~-Sast Ansrlian Times. 



Wood Carving. 

INSTRUCTIONS IN WOOD-CARVING, for Amateurs; with 
Hints on Design. By A Ladt. With Ten Plates. New and Cheaper Edition. 
Crown 8vo, 9s. in emblematic wrapper. 

" The handicraft of the wood-carver, so well as a book can mpart It may be learnt from * A 
Lady's' publication."— ^^A •naum 
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NAT URAL SCIENCE , etc. 

The Heavens and their Origin* 

THE VISIBLE UNIVERSE: Chapters on the Origin and 

Construction of the Heavens. By J. E. Gorb, F.R.A.S. Illustrated by 6 

Stellar Photo«Taphfi and X2 Plates. 0vo, x6s. cloth. 

" A valuable and lucid summary of recent astronomical tneury, rendered more valuable and 
attractive by a series of stellar photogfraphs and other illustrations." — 7'ke Times. 

" In presenting a clear and concise account of the present state of our knowledge, Mr. Gor* 
has made a valuable addition to the literature of the subiect." — Nature. 

" As interestingf as a novel, and instructive withal ; the text beint; made still more luminous by 
ttellar photographs and other illustrations. ... A most valuable honk." — Manrfusu*- Fxantiner 

'■' One otthe finest works on astronomical science that ha» recently appeared in our languat^e. 
Lteds Mercury. 

The Constellations. 

STAR GROUPS: A Student's Guide to the Constellations, By 

J. Ellard Gore,F.R.A.S., M.R.I.A., &c., Author of" The Visible Universe.' 

"The Scenery of the Heavens." With 30 Maps. Small Ato. 55. cloth, silvered. 

" A knowledge m the principal constellations irisible in our latitudes may be easily acquired 

firom the thirty maps and accompanying text contained in this work."— /Va/urv. 

" The volume contains thirty maps showing stars of the sixth magnitude — the usual naked-eye 
limit— and each is accompanied oy a orief commentary, adapted to facilitate recc^fnition and bring 
to notice objects of special interest. For the purpose of a preliminary survey of the ' midnight pomp** 
of the heavetls, nothing could be better than a set of dehneations averaging scarcely twenty square 
inches in area, and including nothing that cannot at once be identified." — Saturday Review. 
*' A very compact and handy gmde to the constellations."— ^rA/ZMTMrn. 

Astronomical Terms. 

AN ASTRONOMICAL GLOSSARY; or, Dictionary of Terms 
used in Astronomy. With Tables of Data and Lists of Remarkable and 
Interesting Celestial Objects, by 1. Ellard Gore, F.R.A.S., Auihor of 
" The Visible Universe," &c. Small crown svo, as. 6d cloth. 
" A very useful little work for b^tnners in a->tronomy, and not to be despised by more ad< 
vanced students." — TJu Times. 

'* Astronomers of all kinds will be glad to have it for reference. "—C»ar</usn. 

The Microscope, 

THE MICROSCOPE : Its Construction and Management, in- 
cluding Technique, Photo-micrography, and the Past and Future of the 
Microscope. By Dr. Henri van Heurck. Re-Edited and Augmented from 
the Fourth French Edition, and Translated by Wynne E. Baxter, F.G.S. 
400 pages, with upwards of 250 Woodcuts. Imp. bvo, i8s. cloth. 
" A translation of a well-known work, at once popular and comprehensive." — Times. 
" The translation is as felicitious as it is accurate."— AWwr^. 

The T^icroscoue 

PHOTO-MICROGRAPHY, By Dr. H. van Heurck. Extracted 
from the above Work. Royal 8vo, with Illustrations, is. sewed. 

Astronomy. 

ASTRONOMY, By the late Rev. Robert Main, F.R.S. 
Third Edition, Revised, by Wm. T. Lynn, B.A., F.R.A.S.. lamo, «. cloth. 
" A sound Md rimple treatise, anid a capital book for beginners."— i^M^w^loi^c. 

Recent and Fossil Shells. 

A MANUAL OF THE MOLLUSC A : Being a Treatise on Recent 
and Fossil Shells. By S. P. Woodward, A.L.S.. F.G.S. With an Appendix 
on Recent and Fossil Conchological Discoveries, by Ralph Tatb, A.L.S.» 
F.G.S. With 33 Plates and upwards of 300 Woodcuts. Reprint of Fourth 
Edition, 1880. Crown Bvo, 7s. 6d, cloth 
" A molt valuable storehouse of conchological and geological infonnation."— ScMfMV Gess0, 

Qeology and Genesis. 

THE TWIN RECORDS OP CREATION; or. Geology and 

Genesis : their Perfect Harmony and Wonderful Concord, By Gborob W. 

Victor lk Vaux. Fcap. 8vo, 5s. cloth. 

" a valuable contribution to the evidences of Revelatioii, and dispones very conclustrely of tto 
arguments of those who would set Cod's Works against God s Word. No real difficulty is shirked 
•nd no sophistry is left unexposed.'— ^A^ RocJk. 

Geology, 

RUDIMENTARY TREATISE ON GEOLOGY, PHYSICAL 
AND HISTORICAL. With especial reference to tbe British series of 
Rocks. By R. Tate, F.G.S. With 250 Illustrati3ns. lamo, 5s. cloth boards. 
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DR, LARDNEW8 COURSE OF NATURAL PHILOSOPHY, 



HANDBOOK OP MECHANICS, Re- written and Enlarged by 

B. LoBWT, F.ILA.S. Post 8vo, 65. cloth. 

"Mr. Loewy has carefuHy revised tbe book, and tMroufht It tq> to modem requliemeats."— 
Nahtrt. 

HANDBOOK OP HYDROSTATICS 6* PNEUMATICS. Enlarged 

by B. LoBWY, F.R.A.S. Post 8vo, 55. cloth. 

"For those 'who desire to attain an accurate knowledge of physical science without the pte- 
found methods of mathematical investigation.' this work is well adapted."— C/c^mioz/ News, 

HANDBOOK OP HEAT. Edited and almost entirely Re- written 

by Benjamin Lobwy, F.R.A.S., &c. Post 8vo, 6s. cloth. 

" The st]^ is always dear and precise, and conveys Instruction without leaving any doudinws 
or lurking doubts bchmd."—Efi£iHeerifi£. 

HANDBOOK OF OPTICS. By Dr. Lardner. Edited by T. O. 
Harding, B.A. Post Svo, 55. cloth. 
"Written by an able scientific writer and beautifully illustrated." — Mechanids Magagint, 

HANDBOOK OF ELECTRICITY AND MAGNETISM. By Dr. 

Lardnbr. Edited by G. C. Foster, B.A. Post Svo, 55. cloth. 

" The book could not have been entrusted to anyone better calculated to preserve the terve and 
lucid style of Iju^ji^tt,''— Po^uiar SeUnct Review, 

HANDBOOK OF ASTRONOMY. By Dr. Lardner. Fourth 

Edition by E. Dunkin, F.R.A.S. Post Svo, gs. 6d. cloth. 

** Probably no other book contains the same amount of information in so compendious and well- 
arranged a form — ceotainly none at the price at which this is offered to the public."— ^#A<M«itf«w, 

"We can do no other than pronounce this work a most valuable manual of astronomy, and we 
strongly recommend it to all who wish to acquire a general— but at the same time rorrort arqnaint* 
ance with this sublime science."— (^fMcrter^' youmal <^ Science. 



OR. LARDNER'S MUSEUM OF SCIENCE AND ART. 



THE MUSEUM OP SCIENCE AND ART. Edited by 
Dr. Lardner. With upwards of i,aoo Engravings on. Wood. In 6 Double 
Volumes, £1 is. in a new and elegant cloth oinding ; or handsomely bound in 
half-morocco, 31s. 6d. 

" A cheap and interesting publication, alike Informing and attractive. The papers combine 
subjects of unportance and great scientific knowledge^ considerable inductive powers^ and a 
popular style of txeatmont."— Spectator. 

"The 'Museum of Science and Art' Is the most valuable contribution that has ever baea 
made to the Scientific Instruction of every ckiss of society."— Sir DAVID Brbwstbr, In tht 
NIfrth British Review. 

\* Separate booki fotnu^ from the above^ fully Illustrated, suitable for 
Workmen's Librarte^ Science Classes^ etc. 



Oonvmon Things JSooplained, 5s. 
The Mieroaeope. is. cloth. 
Popular Geology. 2s. 6d. cloth. 
PoptUiMT Phyaioa, 2s. td, cloth. 



tftocMn and Us Uses* 2s. cloth. 
PoptUar Astronomy. 4S.6<2.cloth. 
The Bee and White Ants, 25. cloth. 
The Bleetrie Telegraph, is. 6d. 



Dr. Lardner^s School Handbooks* 

NATURAL PHILOSOPHY FOR SCHOOLS. Fcap. Svo, 35. 6d. 

"Avery convenient class-book for Junior students in private schools."— British Quarterly 
•Reviiw, 

ANIMAL PHYSIOLOGY FOR SCHOOLS. Fcap. Svo, 35. 6d. 

" Clearly written, well arranged, and excellently illustrated."— (TambyMr'^ CMronict4, 

THE ELECTRIC TELEGRAPH. By Dr. Lardner. Re- 

vised bv E. B. Bright. F.R.A.S. Fcap. 8vo, 2s. 6rf. cloth 
" One of the most readable books extant on the Electric Telegraph."— £«jf/«A Mechanic. 

U 
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CHEMICAL MANUFACTURES, CHEMISTRY. 

Chemistry far JEngineers, etc. 

ENGINEERING CHEMISTRY : A Practical Treatise for the 
Use of Analytical Chemists, Engineers. Iron Masters, Iron Founders, 
Students, and others. Comprising Methoas of Analysis and Valuation of the 
Principal Materials used in Engineering Work, with numerous Analyses, 
Examples, and Suggestions. By H. Joshua Phillips, F.I.C, F.C.S. 
formerly Analytical and Consulting Chemist to the Great Eastern Railway. 
Second Edition, Revised and Enlarged. Crown 8vo, 400 pp., with Illustra- 
tions, los. 6d. cloth. [Jtat published, 
" In this work the author has rendered no small service to a nuxnerdus body of practical men. 

. . . The analytical methods may be pronounced most satisfactory, being as accurate as the 

despatch required of eneineerin? chemists petmits."— Chemical News. 

" Those in search of a handy treatise on the subject of analytical chemistry as applied to the 

•very-day requirements of worksnop practice will find this volume of great assistance. '—Iron. 
" The first attempt to bring forward a Chemistry specially written for the use of engineers, 

and we have no hesitation whatever in saying that it should at once be in the possession of every 

railway engineer."— The Rail-way Engineer. 

" The book will be very useful to those who require a handy and concise resume of approved 

methods of analysing and valuing metals, oils, fuels, &c. It is. in fact, a work for chemists, a guide 

te the routine or the engineering laboratory. . . . The book is full of good things. As a hand* 

book of technical analysis, it is very yif\cam»:'— Builder. 

" Considering the extensive ground which such a subject as Engineering Chemistry covers, 

the work is complete, and recommends itself to both the practising analyst and the analytical 

student."— CA^mtos/ Trade journal. 

" The analytical methods given are, as a whole, such as are likely to give rapid and triist-. 

worthy results in experienced hands. There is much excellent descriptive matter in the work, th» 

chapter en * Oils and Lubrication ' being specially noticeable in this respect."— Bngineer. 

Alkali Trade, Manufacture of Sulphuric Acid, etc* 

A MANUAL OF THE ALKALI TRADE, including the 

Manufacture of Sulphuric Acid, Sulphate of Soda, and Bleaching Powder, 

By John Lomas, Alkali Manufacturer. Newcastle-upon-T^ne and London. 

Witn 33a Illustrations and Working Drawings, and contaming 390 pages of 

Text. Second Edition, with Additions. Super-royal 8vo, £x los. cloth. 

'This book is written by a manuflicturer for manufacturers. The workhig details of the most 

approved forms of apparatus are given, and these are accompanied by no less than sas wood en* 

gravingt. all of which may be used for the purposes of construction. Every step in the manu- 

uicture is very fully described in this manual, and each improvement explained."— ^/A^w^wm. 

" We find not merely a sound and luminous explanation of the chemical principles of the traday 
but a notice of numerous matters which have a most important bearing on the successful conduct 
of alkali works, but which are generally overlooked by even experienced technological authors."— 
Chem ical Review. 

The Blowpipe. 

THE BLOWPIPE IN CHEMISTRY, MINERALOGY, AND 
GEOLOGY. Containing all known Methods of Anhydrous Analysis, many 
Working Examples, and Instructions for Making Apparatus. By Lieut- 
Colonel W. A. Ross, R.A., F.G.S. With lao Illustrations. Second EditioOi 
Revised and Enlarged. Crown 8vo, 5s. cloth. 




a better J 
text- 

Commercial Chemical Analysis. 

THE COMMERCIAL HANDBOOK OF CHEMICAL ANA- 
LYSIS; or, Practical Instructions for the determination of the Intrinsic or 
Commercial Value of Substances used in Manufactures, in Trades, and la 
the Arts. Bv A. Normandy, Editor of Rose's "Treatise on Chemical 
Analysis." New Edition, to a great extent Re-written by Henry M. Noad, 
Ph.D., F.R.S. With numerous Illustrations. Crown 8vo, las. 6d. cloth, 
" We strongly recommend this book to our readers as a guide, alike indispensable to the 
housewife as to the pharmaceutical practitioner. "—Jl/«<^ias/ Times. 

>inted under the new A<t. The most leoem results areglveB 



" Essential to the analysts appointed under the new A< t. 
and the w ork i s well editeo and carefully written."— Ao/Krc. 

Dye-Wares and Colours. 

THE MANUAL OF COLOURS AND DYE-WARES : Their 

Properties, Applications, Valuations, Impurities, and Sophistications. For the 
use of Dyers, Printers, Drysalters, Brokers, &c. By J. W. Slatbr. Second 
Edition, Revised and greatly Enlarged. Crown 8vo, 7s. 6d. cloth. 
"A complete encyclopaedia of the materia ttnctoria. The information given respecting each 

artlde is full and precise, and the methods of determining the value of articles such as these, so 

liable to sophistication, are given with clearness, and are practical as well as valuable."— C4«mirl 

and Druggist, 

" There is no other work which covers precisely the same ground. To students preparing 

for examinations in dyeing and printing It will prove exceedingly yaatfltil."— Chemical News, 
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Modem Bretving and Malting, 

A HANDY BOOK FOR BREWERS: Being a Practical Guide 

to the Art of Brewing and Malting. Embracing the Conclusions of Modem 

Research which bear upon the Practice oi Brewing. By Herbert Edwards 

Wright, M.A. Crown 8vo, 530 pp., 12s. 6d. cloth. 

** May b« consulted with advantage b^ the student who is preparing himself for examinational 
tests, while the scientific brewer will find m it a resume of all the most important discoveries of 
modem times. The work is written throughout in a clear and concise manner, and the author takes 
great care to discriminate between vague theories and well-established {zcXs."—Brevfers'youmiU. 

"We have great pleasure in recommending this handybook. and have no hesitation in 
nying that it is one of the best — if not the best — which has vet been written on the subject of 
beier-Drewing in this country, and it should have a place on the shelves of every brewer's libniry.'' 
— The Brewer's Guardian. 

" Although the requirements of the student are primarily considered, an acquaintance o^ half- 
an-hour's duration cannot fail to impress the practical brewer with the sense of having found a 
trustworthy guide and practical counsellor in brewery matters."— CA^mura/ Trcuie journal. 

Analysis and Valuation of Fuels, 

FUELS: SOLID, LIQUID, AND GASEOUS, Their Analysis 
and Valuation. For the Use of Chemists and Engineers. By H. J. Phillips, 
F.C.S., formerly Analytical and Consulting Chemist to the Great Eastern 
Railway. Second Edition, Revised and Enlarged. Crown 8vo, 5s. cloth. 

" Ought to have its place in the laboratory of every metallurgical establishment, and whererw 
fuel Is used on a large scale."— CA«mira/ Aews. 

" Cannot fail to be of wide interest, especially at the present tixom.''—Xa{ltifay News. 

Bigments. 

THE ARTIST'S MANUAL OF PIGMENTS. Showing 
their Composition, Conditions of Permanency, Non-Permanency, and Adul- 
terations ; Effects in Combination with Each Other and with Vehicles i and 
the most Reliable Tests of Purity Together with the Science and Art 
Department's Examination Questions on Painting. By H. C. Standa< b. 
Second Edition. Crown 8vo, 35. 6d. cloth. 

" This work is indeed fHuitum-iH-^rvo, and we can, with good conscience, recommend It to 
aU who come in contact with pigments, whether as makers, dealers or users." — Chemical Review. 

Gauging. Tables and Rules for Revenue Offlcfirs, 

Brewers, etc, 

A POCKET BOOK OF MENSURATION AND GAUGING : 
Containing Tables, Rules and Memoranda for Revenue Officers, Brewers, 
Spirit Merchants, &c. By J. B. Mant (Inland Revenue). Second Edition, 
Revised. x8mo', a^. leather. 

** This handy and useful book is adapted to the requirements of the Inland Revenue Depart- 
ment, and will be a favourite book of ruierence."— Ctvt/uiM. 

** Should be in the hands of every practical brewer."— ^rrawrj' yournaJ. 



INDUSTRIAL ART S, TRADES, AND MANUFACTURES. 
Cotton Spinning. 

COTTON MANUFACTURE: A Manual of Practical Instruc- 
tion in the Processes of Opening, Carding, Combing, Drawing, Doubling 
and Spinning of Cotton, the Methods of Dyeing, &c. For the Use of Opera- 
tives, Overlookers and Manufacturers. By John Lister, Technical In- 
structor, Pendleton. 8vo, 7s. 6d. cloth. {Just Published. 

"This invaluable volume is a distinct advance in the literature of cotton manufacture." — 
Machiftery. 

" It is thoroughly reliable, fulfilling nearly all the requirements d.QS,ixc6.."— Glasgow Herald. 

Flou/r Manufacture^ Milling^ etc. 

FLOUR MANUFACTURE: A Treatise on Milling Science 
and Practice. By Fribdrich Kick, Imperial Regierungsrath, Professor of 
Mechanical Technology in the Imperial German Polytechnic Institute, 
Prague. Translated from the Second Enlarged and Revised Edition with 
Supplement. By H. H. P. Powlbs, A.-M.Inst.C.E. Nearly 400 pp. Illus- 
trated with 28 Folding Plates, and 167 Woodcuts. Royal 8vo, 25s. cloth. 
" This valuable work te, and will remain, the standard authority on the science of milling. . 
The mUler who has read and digested this work will have laid the foundation, so to speak, of a suc- 
cessful career ; he will have acquired a numlier of general principles which he can proceed to 
apply. In this hanckome volume we at last have the accepted text-book of modem millmg in good, 
•oend English, which has little, if any, trace of the German idiom."— TTi^ Miller. 

" The appearance of this celebrated work in English is veiy opportune, and British millers 
will, we are suie, not be slow in availing themselves of its pages."--ilft//<»'f ' Gaxette. 
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Agglutinants, 

CEMENTS, PASTES, GLUES AND GUMS: A Practical 
Guide to the Manufacture and Application of the various Agglutinants re- 
quired in the Buildine:. Metal- Working, Wood-Working and Leather- Work- 
ing Trades, and for Workshop, Laboratory or Office Use With upwards of 
goo Recipes and Formulad. By H. C. Standagb, Chemist. Crown 8vo, 
2S. 6d. cloth. [3^«5t published. 

" We have pleasure iti speakinif favourably of this Tolume. So far as we have had experience, 

which Is not inconsiderable, this manual is trxst-woTt\iy."—AeAenaum. 

" As a revelation of what are considered trade secrets, this book will arouse an amount of 

curiosity among the laree number of industries it touches." — Daily ChronicU. 

" In this goodly coUection of receipts it would be strange if a cement for any purpose cannot 

. be found."— Oil and Colourman's yournat. 

Soctp'-niaking. 

THE ART OP SOAP-MAKING: A Practical Handbook of the 
Manufacture of Hard and Soft Soaps, Toilet Soaps, etc. Including many New 
Processes, and a Chapter on the Recovery of Glycerine from Waste Leys. 
By Alexander Watt. Fourth Edition. Enlarged. Crown 8vo, 7s. 6d, cloth, 
"l^a work will prova very useftil, not merely to the technological student, but to the practical 
floap-boOer who wishes to understand the theory of his wet,"— Chemical News. 



" A thoroughly practical treatise on an art which has almost no literature m our language. 
>ve congratulate uia author on the success of his endeavour to fill a void in English technicallitera- 
tare."— ^atttne. 



Paper Making. 

PRACTICAL PAPER-MAKING: A Manual for Paper-makers 

and Owners and Managers of Paper-Mills. With Tables, Calculations, &c. 

Bv G. Clapperton, Paper-maker. With Illustrations of Fibres from Micro- 

Pnotographs. Crown 8vo, ^s. cloth. [J^^t published 

" The author caters for the requirements of responsible mill hands, apprentices, &c., whilst 

his manual wUl be found of ^reat service to students of technology, as well as to veteran paper 

makers an^l mill owners. The illustrations form an excellent feature." — Paper Trade Review. 

" We recommend everybody interested in the trade to get a copy of this thoroughly practical 
book."— Pa/*r Making. 

Paper Making* 

THE ART OF PAPER MAKING : A Practical Handbook of the 
Manufacture of Paper from Rags, Esparto, Straw, and other Fibrous Materiali. 
Including the Manufacture of Pulp from Wood Fibre, with a Description of 
the Machinery and Appliances used. To which are added Details of 
Processes for Recovering Soda from Waste Liquors. By Alexander Watt, 
Author of " The Art of Soap-Making" With Illusts. Crown 8vo. js. 6d. cloth. 
" It may be regarded as the standard work on the subject. The book Is full of valuable In- 
formation. The * Art of Paper-making,' is in every respect a model of a text-book, either for a 
technical class or for the private student."— Pa;^er and Printing- Trades journal. 

Leather Manufacture. 

THE ART OF LEATHER MANUFACTURE. Being a 
Practical Handbook, in which the Operations of Tanning, Currying, and 
Leather Dressing are fully Described, and the Principles of Tanning Ex- 
plained, and many Recent Processes Introduced ; as also the Methods for 
the Estimation of Tannin, and a Description of the Arts of Glue Boiling, Gui 
Dressing, &c. By Alexander Watt, Author of " Soap-Making," ftc 
Second Edition. Crown 8vo, 95. cloth. 

"A sound, comprehensive treatise on tanning and Its accessories. It Is an eminently valoabl* 
production, which redounds to the credit of both author and publishers. "—CA^wt^eai Arvicw. 

Boot and Shoe Making. 

THE ART OF BOOT AND SHOE-MAKING. A Practical 
Handbook, including Measurement, Last-Fitting, Cutting-Out, Closing, and 
Making, with a Description of the most approved Machinery employed. 
By John B. Lbno, late Editor of 5^ Crispin, and The Boot and Shoe-Maker. 
xamo, 25. cloth limp. 

" This excellent treatise is by far the best work ever written. The chapter on cUcking, 
which shows how waste may be prevented, will save fifty times the price of the hnoW " 

Scoiiish Leather Trader. 

"Dentistry Consiruction* 

MECHANICAL DENTISTRY: A Practical Treatise on the 
Construction of the various kinds of Artificial Dentures. Comprising also Use* 
ful Formulas, Tables, and Receipts for Gold Plate, Clasps, Solders, &c. &c. 
By Charles Hunter. Third Edition. Crown 8vo, 35. 6d. cloth. 
" we can strongly recommend Mr. Hunter's treatise to all students preparing for the profession 
of dentistry as well as to every mechanical dentist."— Z^M^JIte '^numalaf Medical Science. 
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Wood JEngraving. 

WOOD ENGRAVING: A Practical and Easy Introduction to the 
Study of the Art. By William Norman Browm. Second Edition. With 
numerous Illustrations, ismo, is. td. cloth limp. 
" Th« book Is clear and complete, and will be useful to anyone wanting to undentand the fiist 
elements of the beautiful art of wood enffravlnff."— (rra^M^. 

Horology. 

A TREATISE ON MODERN HOROLOGY, in Theory and Prac- 
tice. Translated from the French of Claudius Saunibr, ex-Director of the 
School of Horology at Ma9on, by Julibn Tripplin, F.R.A.S., Besan^on 
Watch Manu&cturer, and Edward kigg, M.A., Assayer in the Royal Mint. 
With 78 Woodcuts and 22 Coloured Copper Plates. Second Edition. Super- 
royal 8vo, £2 2s. cloth ; £2 los. half-calf. 
" There is no horoloeical work in the English language at all to be compared to this proditc- 
dOD of M. Saunter's for deamess and completeness. It is alike good as a guide for the student and 
'•s a reference for the experienced horolegist and skilled workman." — Horologrital y<rumal. 

" The latest, the most complete, and the most reliable of those literary productions to which 
continental watchmakers are indebted for the mechanical superiority over their English brethren 
• Infiict, the Book of Books, is M. Saunier's 'Treatise.'"— lf^a«cAma>(«r, yewtlUrandSUvtrsmith, 

Watchmaking, 

THE WATCHMAKER'S HANDBOOK. Intended as a Work- 
shop Companion for those engaged in Watchmaking and the Allied Mechani- 
cal Arts. Translated from the French of Claudius Saunibr, and considera- 
ably enlarged by Julibn Tripplin, F.R.A.S., Vice-President of the 
Horological Institute, and Edward RiGG, M. A., Assayer in the Royal Mint. 
With numerous Woodcuts and 14 Copper Plates. Third Edition. Crown 
Svo, QS. clothi 
** Each part is tnUy a treatise In Itself. The arrangement Is good and the language Is clear and 

ooocisc. It is an admirable euide for the young watcnmaker."— £Mf^»«rsfff . 

" It Is impossible to speak too highly of its excellence. It fulfils every requirement in a hand* 

M)ok intended for the use ot a workman. Shoitld befoimd in every workshop."— ^o/IcA and 

CJockmaAer. 

" This book contains an immense number of practical details bearing on the daily occupation 

of a watchmaker. "— Wauhmafcer and Mttalv/orker (Chicago), 

Watches and Timekeepers. 

A HISTORY OF WATCHES AND OTHER TIMEKEEPERS. 

By James F. Kendal, M.B.H.Inst. is. 6d. boards; or ». 6d. cloth gilt. 

"Mr. Kendal's book, for its size, is the best which has yet appeared on this subject in the 
English language." — Industries. 

" Open the Dock where you may, there is interesting matter in it concerning the ingenious 
devices of the ancient or modem horologer. The subject is treated in a liberal and entertaining 
spitit, as might be expected of a historian who is a master of the craft." — Saturday Review. 

Electrolysis of Oold^ Silver, Copper, etc. 

ELECTRO-DEPOSITION : A Practical Treatise on the Electrolysis 
of Gold, Silver, Copper, Nickel, and other Metals and Alloys. With descrip- 
tions of Voltaic Batteries, Magneto and Dynamo-Electric Machines, Ther- 
mopiles, and of the Materials and Processes used in every Department of 
the Art, and several Chapters on Electro-Metallurgy. By Albxandkr 
Watt, Author of " Electro-Metallurgy," &c. Third Edition.Revised. Crown 
Svo, 9s. cloth. 
"Eminently a book for the practical worker in electro-deposition. It contains practical 

descriptions oi'^ methods, processes and materials as actually pursued and used in the workshop." 

— Bnginetr. 

Jdectro-'Metallurgy. 

ELECTRO-META LL URG Y ; Practically Treated. By Alexander 
Watt, Author of " Electro-Deposition," &c Tenth Edition, including the 
most recent Processes, ismo, 4s. cloth boards. 

"From this book both amateur and artisan may learn eveiythlng necessary for the cnccessful 
pmeecution of electroplating."— /rv»(. 

Working in Gold. 

THE JEWELLER'S ASSISTANT IN THE ART OF WORK- 
ING IN GOLD : A Practical Treatise for Masters and Workmen. Compiled 
from the Experience of Thirty Years' Workshop Practice. By Gborgb E. 
Gbe, Author of "The Goldsmith's Handbook," &c. Cr. 8vo, 7s. 6d. cloth. 
" This manual of technical education is apparently destined to be a valuable auxiliary to a 

handicraft which is certainly capable of great improvement."— 7%« Times. 

" Very useful in the workshop, as the knowledge is practical, havmg been acquired by long 

experience, and all the recipes and directions are guaranteed to be successfuL"— y(ni/«/^ ano 

taUahuorJUr, 
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Electro typing. 

ELECTROTYFING : The ReproductioH and HtUUplicatioii of Print- 
iMg Sur/acii and Works of Arl by Ihi BlKlto-itpotilion of MiliUs. ByJ.W. 

GolOamiths' Work. 

THE GOLDSMITH'S HANDBOOK. By Geohgb E. Gee, 
Je»eller, &c. Tblrd EdiiiaD.coDaideisbl; EnUrESd., Iimo, 31. &1. cl. bd3. 

SUversniiths' Work. 

THE SILVEBSSIITH-S HANDBOOK. By George E. Gbb, 
|eo«Jler. &c. Second Ediiion. Revised, nmo. ji, ed, cloita. 

*,* riu abovi tme worki togithir, urongly hay^oimd, pnet Jt. 

Sheet Metal Working. 

THE SHEET METAL WORKER'S INSTRUCTOR: For 
Zinc, Sbeet Iron, Capper, and Tin Plate WoikecB. Conlaining Rules for 

By R. H°Varn, Tin pfale Worker. Wilh Thifly-lwo Platens! Bvg, ys, M. cl'. 

Bread and Biscuit Baking.- 

THE BREAD AND BISCUIT BAKER'S AND SUGAR- 
BOILERS ASSISTANT.^ Including a large VHioly of Modern Recipe!. 

Cnnfectionery for Hotels and Restaurants. 

THE PASTRYCOOK AND CONFECTIONER'S GUIDE. 
For KolelB, Reslauianta and Ihe Trade In general, adapted also for FomilT 
Use. By RoBSBi WiLLB. Crown avo.H.elolii, 

Ottiamentat Confectionery. 

ORNAMENTAL CONFECTIONERY .■ A Guide for Bakers. 
CoDfectioneis and Pastrycooks; including e variety of Modem Recipes, and 
Remarks on Decotaiive and Coloured Work, With laa Otigmgl fieeigni. 
By fiDBUT WSLLS. Crown K.c. clolb gill, 5s. 

Flour Confectionery, 

THE MODERN FLOUR CONFECTIONER. Wholesale and 
Retail. Conlainiog a large Collection of Recipes for Cheap Cakea, Biscnils. 
Ac. With Remarks on the Ingredients used in Ibeir Uanufaclnre. Bj 



Laundry Work. 

^AUNDRY MANAGEMENT. A Handbook for Use in PrivaiB 
<Dd Public Laundries, Incloding DeacrlpIiveAccounla of Modern Macbinery 
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HANDYBOOKS FOR HANDICRAFTS. 

By PAUL N. HASLUCK, 

•Editor of " Work " (New Series) ; Author of " Lathework," " Millimo 

Machines," &c. 
Crown 8vo, 144 pages, cloth, price is. each. 

13" These Havidybooks have been written to supply information for V/oKKUKUt 
Students, and Amateurs in the several Handicrafts^ on the actual Practicb of 
the Workshop, and are intended to convey in piatn language Technical Know- 
ledge of the several Crafts. In describing the processes employed^ and themanipu* 
lation of material, workshop terms are used ; workshop practice is fully explained ; 
and the text is freely illustrated with drawings of modern tools^ appliances, and 
processes, 

THE METAL TURNER'S HANDYBOOK. A Practical Manual 

for Workers at the Foot-Lathe. With over 100 Illustrations. Price is. 
" The book will be of service alike to the amateur and the artisan turner. It displays thorough 
knowledj^e of the sahS^tA."— Scotsman. 

THE WOOD TURNER'S HANDYBOOK, A Practical Manual 

for Workers at the Lathe, With over 100 Illustrations. Price is. 
"We recomnvsnd the book to younjg^ turners and amateurs. A multitude of workmen hav« 
hitherto sought in vain for a manual of this special industry."— JlfArAaM^icat/ World, 

THE WATCH JfOBBER'S HANDYBOOK. A Practical Manual 
on Cleaning, Repairing, and Adjusting, With upwards of zoo Illustrations. 
Price IS. 
" We strongly advise all yoimg persons connected with the watch tnule to acquire and etudy 

this Inexpensive wotk,"-~Ci*ri€ttweU CnronicU, 

THE PATTERN MAKER'S HANDYBOOK, A Practical 
Manual on the Construction oi Patterns for Founders. With upwards of 
100 Illustrations. Price is. 
" A most valuable, if not indispensable, manual for the pattern maker."— ATninv/A^e. 

THE MECHANICS WORKSHOP HANDYBOOK. A Practice 

Manual on Mechanical Manipulation. Embracing Information on various 

Handicraft Processes, with useful Notes and Miscellaneous Memoranda. 

Comprising about 200 Subjects. Price is. 

" A very clever and useful book, which should be found in every workshop ; and it should 

certainly find a place in all technical schools."— ia^nf^ Review. 

THE MODEL ENGINEER'S HANDYBOOK, A Practical 
Manual on the Construction of Model Steam Engines. With upwards of zoo 
illustrations. Price is. 
** Mr. Hasluck has produced a very good little book."— Builder. 

THE CLOCK JOBBER'S HANDYBOOK. A Practical Manual 
on Cleaning, Repairing, and Adjusting. With upwards of 100 Illustrations. 
Price IS. 
" It is of inestimable service to those commencing the tndt."—C&veHtry Standard, 

THE CABINET WORKER'S HANDYBOOK: A PracticaJ 

Manual on the Tools, Materials, Appliances, and Processes employed in 

Cabinet Work. With upwards of 100 Illustrations. Price is. 

" Mr. Hasluck's thoroughgoing little Handybook is amongst the most practical guides we have 
■een for begiimers in csibiaet-wot\[."—Saiurday Review. 

THE WOODWORKER'S HANDYBOOK OF MANUAL IN- 
STRUCTION, Embracing Information on the Tools, Materials, Appliances 
and Processes employed in Woodworking. With 104 Illustrations. Price is 

IJust published. 

THE METALWORKER'S HANDYBOOK. With upwards of 100 
Illustrations. [In preparation. 

♦** Opinions of the Press. 

" Written b]r a man who knows, not only how work ought to be done, but how to do it, and 
how to convey his knowledge to othtrs."—£n£in€erin£'. 

" Mr. Hasluck writes admirably, and gives complete instructions."— £«^«i«r. 

" Mr. Hasluck combines the experience of a practical teacher with the manipulative skill and 
scientific knowledge of processes of the trained mechanician, and the manuals are marvels of 
what can be produced at a popular ptice."—Schoolmasfer, 

'* Helpful to workmen of all ages and degrees of experience."— Z7a^ ChronicU. 

" Practical, sensible, and remarkably ch6z^."—youtiial ^ Eduttaiion. 

" Concise, clear and practical."— 5a/w«'</a> Review. 
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COMMERCE, COU NTING-HOUSE WOR K, TABLES, ete. 

Commercial Education. 

LESSONS IN COMMERCE. By Professor R. Gambaro, of 

the Royal High Commercial School at Genoa. Edited and Revised by Jambs 

Gault, Professor of Commerce and Commercial Law in King's College, 

London. Crown 8vo, 35. 6d. cloth. 

*' The publishers of this work have rendered considerable service to the cause of commercia 

education by the opportune production of this volume. . . . The work is peculiarly acceptable 

to English readers and an admirable addition to existing class-books. In a phrase, we think the 

work attains its object in furnishing; a brief account of those laws and customs of British trade with 

which the commercial man interested therein should be familiar." — Chatnber o/'ConttnerceyoitrneU. 

" An invaluable guide in the- hands of those who are preparing for a commercial career." 

Counting House. 

Foreign Commerciai Correspondence. 

THE FOREIGN COMMERCIAL CORRESPONDENT: Beiog 
Aids to Commercial Correspondence in Five Languages — English, French, 
German. Italian, and Spanish. By Conrad E. Bakbr. Second Edition. 
Crown 8vo, 3s. 6d. cloth. 

"Whoever wishes to correspond in all the languages mentioned by Mr. Baker cannot do bettei 
than study this work, the materials of which sure excellent and conveniently arranged. They consist 
not of entire specimen letterb but— what are far more useful— short passages, sentences, or 
phrases expressing the same general idea in various forms." — Athenautn. 

" A careful examination has convinced us that it is unusually complete, well arrhnged, and 
reliable. The book is a thoroughly good oxm."— Schoolmaster. 

Accounts for Manufacturers. 

FACTORY ACCOUNTS: Their Principles and Practice. A 
Handbook for Accountants and Manufacturers, with Appendices on the No- 
menclature of Machine Details ; the Income Tax Acts ; the Rating of Fac- 
tories; Fire and Boiler Insurance; the Factory and Workshop Acts, &c.| 
including also a Glossary of Terms and a large number of Specimen Rulings. 
By Emilb Garcke and J. M. Fblls. Fourth Edition, Revised and En- 
larged. Demy 8vo. 250 pages. 65. strongly bound. 
" A ver^ interesting description of the requirements of Factory Accounts. . . . the principle 

of aadmllating the Factory Accounts to the general commercial books is one which we thoroughly 

agree lAtli."— Accountant^ yournoL 

" Characterised by extreme thoroughness. There are few owners of factories who would not 

derive great benefit from the perusal ot this most admirable -woiAi."— Local Gcvemmenr Chronicle. 

Modem Metrical Units and Systems. 

MODERN METROLOGY : A Manual of the Metrical Units 
and Systtms of tht Present Century. With an Appendix containing a proposed 
English System. By Lewis D'A. Jackson, A.M.Inst.C.E., Author of *' Aid 
to Survey Practice," &c. Large crown 8vo, 12s. 6d. cloth. 

" We recommend the work to all interested in the practical reform of our weights and mea- 
sures." — Aature. 

The Metric System and the British Standards, 

A SERIES OF METRIC TABLES, in which the British Stand- 
ard Measures and Weights are compared with those of the Metric System at present 
in Use on the Continent. By C. H. Dowling, C.E. 8vo, xos. 6d. stronglv bound. 
"Mr. Dowling's Tables are well put together as a ready-reckoner for the convenum of one 
qrstem into the ouiet,"—y^t)i€nautn. 

Iron and Metal Trades' Calculator* 

THE IRON AND METAL TRADES' COMPANION. For 
expeditiously ascertaining the Value of any Goods bought or sold by Weight, 
trom IS. per cwt. to 112s. per cwt., and from one farthing per pound to one 
shilling per pound. By Thomas Dowmib. 396 pp., 95. leather. 
" A most useful set of tables : nothing like them before aiistiod."—SuiitiiM£- A/'ews. 
" Although specialty adapted to the Iron and metal trades, the tables will be found oaeful in 
•rery other business in which merchandise is bought and sold by weisrht."— JSotfiMiy JVtwu. 

Iron Shipbuilders' and Merchants' Weight Tables. 

IRON 'PLATE WEIGHT TABLES: For Iron Shipbuilders, 
Engineers, and Iron Merchants. Containing the Calculated Weignts of up- 
wards of 150,000 difierent sizes ot Iron Plates, from i foot by 6 in. by ^ in. to 
10 feet by 5 feet by i in. Worked out on the basis of 40 lbs. to the square 
foot of Iron of x mch in thickness. Carefully compiled and thoroughly Re- 
vised by H. BuRLiNSON and W. H. Simpson. Oblong 4to, 255. half-bound. 
"This work will be found of great utility. The authors have had much practical experience 

of what is wanting in making estimates; and the use of the book will save much time in n aiding 

•bboiate calculanoni. "-^English Mechanic. 
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CTiadtvick's CtMiciUator for Numbers and Weights 
Combined. 

THE NUMBER, WEIGHT, AND FRACTIONAL CALCU- 
LATOR, Containing upwards of 350,000 Separate Calculations, showing at 
a glance the value at 42a different rates, ranging from rirt^ O' & Penny to 
90S. each, or per cwt., and £90 per ton, of any number ox articles consecu- 
tively, from X to 470.— Any number of cwts., qrs., and lbs., from x cwt. to 470 
cwts.— Any number of tons, cwts., qrs., and lbs., from x to x,ooo tons. By 
William chadwick, Public Accountant. Third Edition, Revised and Im- 
proved. 8vo,i8s., strongly bound for Office wear and tear. 

■ar Is adapted for the use of Accountants and Auditors, Railway Companies, 
Canal Companus, Shippers, Shipping Agents, General Carriers, etc. Jronfounderst 
Brass/ounders, Metal Merchants, Iron Manufacturers, Ironmongers, Kttgineers, 
Machinists, Boiler Makers, Millwrights, Roofing, Bridge and Girder Makers, Colliery 
/Proprietors, etc. Timber Merchants, Builders, Contractors, Architects, Surveyors, 
A uctioneers. Valuers, Brokers, Mill Owners and Manufacturers, Mill Furnishers, 
Merchants, and General Wholesale Tradesmen, Also for the Apportionment of 
Mileage Charges for Railway Traffic, 

\* Opinions of the Press. 

" It Is as easy of reference for any answer or any number of answers as a dictionary, and ttM 
references are eren more quickly made. For making ui> accounts or estimates the book must 
proye invaluable to all who have any considerable quantity of calculations involving price and 
measure in any combination to do."— En£iHeer. 

" The most complete and practical ready reckoner which it has been our fortune yet to see. It 
Is difficult to imagine a trade or occupation m which it could not be of the greatest use, either in 
saving human laSour or in checking work. The publishers have placed withm the reach of every 
commercial man an invaluable and unfailing assistant." — TJu MUUr. 

"The most perfect work of the kind yet prepared."— C^/of^^w Herald. 

Harben's Comprehensive Weight Calculator, 

THE WEIGHT CALCULATOR, Being a Series of Tables 
upon a New and Comprehensive Plan, exhibiting at One Reference the exact 
Value of any Weight from x lb. to 15 tons, at 300 Progressive Rates, from id. 
to i68s. per cwt., and containing x86,ooo Direct Answers, which, with their 
Combinations, consisting of a single addition (mostly to be performed at 
sight), will afiord an aggregate of 10,266,000 Answers ; the whole being calcu- 
lated and designed to ensure correctness and promote despatch. By Hbnrt 
Harben, Accountant. Fourth Edition, carefully Corrected. Royal 8vo, 
£1 55. strongly half-bound. 

" A practical and useful work of reference for men of business generally ; It is the best of the 
kbd we nave seen."— Iron*n«nfer. 

"Of priceless value to busmess men. It is a necessary book In all mercantile offices."— ^A«^< 
/t€U IntUpitUUtU, 

Ha/rben's Comprehensive IHscount Guide, 

THE DISCOUNT GUIDE, Comprising several Series of 
Tables for the use of Merchants, Manufacturers^ Ironmongers, and others, 
bjr which may be ascertained the exact Profit arising from any mode of using 
Enscounts, either in the Purchase or Sale of Goods, and the method of either 
Altering a Rate of Discount or Advancing a Price, so as to produce, by one 
operation, a sum that will realise any required profit after allowing one or 
more Discounts : to which are added Tables of Profit or Advance from i\ to 
90 per cent.. Tables of Discount from i| to 98I per cent., and Tables of Com- 
mission, &c.| from ^ to 10 per cent. By Henry Harben, Accountant, Author 
of" The Weight Calculator." New Edition, carefully Revised and Corrected. 
Demy 8vo, 544 pp., £1 5s. half-bound. 

" A boctk such as this can only be appreciated by business men, to whom tho saving of time 
iiiwnt saving of money. We luive the nigh authority of Professor J. R. Young that t&e tablet 
throughout the work are constructed upon strictly accurate principles. The work is a model 
of tjrpographical clearness, and must prove of great value to merchant^ manufacturers, and 
geoaial traders."— ^rMrA Trade yourmU. 

New Wages Calculator. 

TABLES OF WAGES at 54, 52, 50 and 48 Hours per Week. 
Showing the Amounts of Wa^es from One-qQarter-of-an*hour to Sixty-four 
hours in each ca&e at Rates ot Wages advancing by One Shillln>{ from 4s. to 
J5S. per week. By Thos. Garbutt, Accountant. Square crown >'vo. 6s. 
lalf-bound. [Just published. 
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"DIRECT CALCULAT O R S," 

By M. B. COTSWORTH, of Holgate, York. 



QUICKEST AND MOST ACCURATE MEANS OF CALCULATION KNOWN. 

ENSURE ACCURACY and SPEED WITH EASE, SAVE TIME and MONEY. 
Accounts may be charged out or checked by these means in about one 
third the time required by ordinary methods of calculation. These 
unrivalled ** Calculators '* have very clear and original contrivances 
for instantly finding the exact answer, by its fixed position, without 
even sighting the top or side of the page. They are varied in arrange- 
ment to suit the special need of each particular trade. 
All the leading firms now use Calculators ^ even where they employ experts, 
N.B.— Indicator letters in brackets should be quoted. 



''RAILWAY &- TRADERS' CALCULATOR " (R. & T.) los. ed. 
Including Scale of Charges for Small Parcels by Merchandise Trains. 
" Direct Calculator" — the only Calculator published giving exact charge for 
Cwts., Qrs. and Lbs., together. " Calculating Tables" for every id, rate to 
1005. per ton. " Wages Calculator." '" Percentage Rates." *' Grain, Flour, 
Ale, &c., Weight Calculators." 

•• DIRECT CALCULATOR (I R) " including all the above except 
" Calculating Tables." 7s. 

*' DIRECT CALCULATOR (A)" by i^., 25. each opening, exact 
pence to 40s. per ton. 5s. 

** DIRECT CALCULATOR (B) " by id., 4s. each opening, exact 
pence to 40s. per ton. 45. 6d. 

''DIRECT CALCULATOR (C) " by id. (with Cwts. and Qrs. to 
nearest farthing), to 40s. per ton. 4s. 6d. 

" DIRECT CALCULATOR (Ds) " by id, gradations. (Single Tons 
to 50 Tons, then by fifties to 1,000 Tons, with Cwts. values below in exact 
pence payable, fractions oi^d, and upwards being counted as id. 65. 6d. 

** DIRECT CALCULATOR (D) " has from 1,000 to 10,000 Tons in 
addition to the (Ds) Calculator. 7s. 6d. 

*' DIRECT CALCULATOR (Es) " by id. gradations. (As (D) to 
1,000 Tons, with Cwts. and Qrs. values shown separately to the nearest 
farthing). 5s. 6d, 

''DIRECT CALCULATOR (E) " has from 1,000 to 10,000 Tons in 
addition to the (Es) Calculator, ts, 6d. 

"DIRECT CALCULATOR (F) " by id., 2S. each opening, exact 
pence to 40s. per ton. 4s. 6d. 

*' DIRECT CALCULATOR {G)" by id., is. each opening; 6 in. by 
9 in. Nearest Id. Indexed (0 I) 3s. 6d. 25. 6d. 

" DIRECT CALCULATOR (H) " by id., is. each opening ; 6 in. by 
9 in. To exact pence. Indexed (H I) 3s. 6d. 2s, 6d. 

*' DIRECT CALCULATOR (K)" Showing Values of Tons, Cwts. 
and Qrs. in even pence (fractions of id. as id.), for the Retail Coal Trade. 
4s. 6d. 

''RAILWAY AND TIMBER TRADES MEASURER AND CAL- 
CULATOR (T) " (as prepared for the Railway Companies). The onl3r book 
published giving true content of unequal sided and round timber by eighths 
of an inch, quarter girth. Weights from Cubic Feet — Standards, Superficial 
Feet, and Stone to Weights — Running Feet from lengths ot Deals— Standard 
Multipliers — ^Timber Measures — Customs Regulations, &c. 3s. 6d, 
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Dr. Fream^s New Edition of **The Standard 
Treatise on Agriculture,^^ 

THE COMPLETE GRAZIER, and FARMER'S and CATTLE^ 
BREEDER'S ASSISTANT: A Compendium ol Husbandry. Originally 
Written bv William Youatt. Thirteenth Edition, entirely Re-written, 
considerably Enlarged, and brought up to the Present Requirements of 
Agricultural Practice, by William Frbam, LL.D., Steven Lecturer in the 
University of Edinburgh, Author of "The Elements of Agriculture," &c. 
Royal 8vo, i.ioo pp., with over 450 Illustrations. £1 lis. 6d, strongly and 
handsomely bound. 

Extract from Publishers' Advertisement. 

" A treatise that made its original appearance in the first decade of the century, and that enters 
apon its Thirteenth Edition before the century has run its course, has undoubtedly established its 

Position as a work of permanent value. . . The phenomenal prc^fress of the last dozen years in the 
ractice and Science of Farmingf has rendered it necessary, however, that the volume should be 
te- written,. . . . and for this undertaking the publishers were fortunate enoujrh to secure the 
services of Dr. Fream, whose hieh attainments in all matters pertaining to agriculture have been 
■so emphatically recognised by the highest professional ana official authorities. Im carrymg 
•out his editorial duties. Dr. FitEAM has bera favoured with valuable contributions by Prof. J. 
WORTLEY AXH, Mr. E. BROWN, Dr. BERNARD DYER. Mr. W. J. MALDEN, Mr. R. H. REW, 

Prof. Sheldon, Mr. ). Sinclair, Mr. Sanders Spencer, and others. 

" As regards the illustrations of the work, no pains have been spared to make them as Kpra- 
■sentative and characteristic as possible, so as to be practically useful to the Fanner and Grazier." 

Summary op Contents. 



Book I. On the Varieties, Breed- 
ing, Rearing, Fattening, and 
Management of Cattle. 

Book II. On the Economy and Man- 
agement OF the Dairy. 

Book III. On the Breeding, Rear- 
ing, AND Management of Horses. 

Book IV. On the Breeding, Rear- 
ing, AND Fattening of Sheep. 

Book V. On the Breeding, Rearing, 
AND Fattening of Swine. 

Book VI. On the Diseases of Live 
Stock. 



Book VII. On the Breeding, Rear- 
ing, AND Management of Poultry. 

Book VIII. On Farm Offices and 
Implements of Husbandry. 

Book IX. On the Culture and Man- 
agement of Grass Lands. 

BookX. On the Cultivation and 
Application of Grasses, Pulse, 
and Roots* 

Book XI. On Manures and their 
Application toGrass Land&Crops 

Book XII. Monthly Calendars of 
Farmwork. 



%* Opinions of the Press on the New Edition. 

" Dr. Fream is to be congratulated on the successful attempt he has made to give us a work 
which will at once become the standard classic of the farm practice of the counti^. We believe 
that It will be found that it has no compeer among the many works at present in existence. . . .' 
The illustrations are admirable, while the frontispiece, which represents the well-known bull. New 
Year's Gift, bred by the Queen, is a work of axt."— The Times. 

" The book must be recogiiised as pccupying the proud position of the most exhaustive work 
Preference in the English language on the subject with which it 6.ta!i&."~'Athtnteutn. 

" The most comprehensive guide to modem farm practice that exists in the English language 
to-day. . . . The book Is one that ought to be on every farm and in the library of every land* 
owner." — Mark Lane Express. 

"In point of exhaustiveness and accuracy the work' will certainly hold a pre-eminent and 
unique position among books dealing with scientific agricultural practice. It is, in fact, an agri- 
cultural library of itself."- North British AgriciUtunst. 

" A compendium of authoritative and well-ordered knowledge on every conceivable branch 
cf the work of the live stock farmer ; probably without an equal in this or any other country." 

Yorkshire Post. 

British Farm lAve Stock. 

FARM LIVE STOCK OF GREAT BRITAIN. By Robert 
Wallace, F.L.S., F.R.S.E., Ac, Professor of Agriculture and Rural Eco- 
nomy in the University of Edinburgh. Third Edition, thoroughly Revised 
and considerably Enlarged. With over lao Phototypes of Prize Stock. Demy 
svo, 384 pp., with 70 Plates and Maps, 12s. 6d. cloth. 

" A really complete work on the history, breeds, and management of the farm stock of Great 
Britain, and one which is likely to find its way to the shelves of every country gentleman's 
library,"— rAe Jimes. 

" The latest edition of ' Farm Live Stock of Great Britain ' Is a production to be proud of, and 
Its is<:iie not the least of the services which its author has rendered to agricultural science." 

' Scottish Farmer, 

" The book is very attractive . . . and we can scarcely Imagine the existence of a farmer 
who would not like to have a copy of this beautiful work. "->^ar/t Lane Express. 

" A work which will long be regarded as a standard authority whenever a concise history and 
■description of the breeds of live stocic in the British Isles is required."— ^«/^j Weekly Messengtr. 
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Dairy Farming. 

BRITISH DAIRYING. A Handy Volume on the Work of the 
Dairy-Farm. For th^ Use of Technical Instruction Classes, Students in 
Agricultural Colleges, and the Working Dairy-Farmer. By Prof. J. P. Sheldon, 
ate Special Commissioner of the Canadian Government, Autnor of " Dairy 
Farming," &c. With numerous Illustrations. Crown bvo, as. 6d. cloth. 

*' We confidently recommend it as a text-book on dairy farming." — Ajrriculturat Gazette. 

'* Probably the best half-crown manual on dairy work that has yet been produced."— iV<7r/A 
British Agriculturist. 

" It is the soundest little work we have yet seen on the subject."— 7%^ Times. 

Dairy Manual, 

MILK, CHEESE AND BUTTER: A Practical Handbook 
on their Properties and the Processes of their Production, including a 
Chapter on Cream and the Methods of its Separation from Milk. By John 
Oliver, late Principal of the Western Dairy Institute, Berkeley. With 
Coloured Plates and 200 Illusts. Crown 8vo, ys.6d. cloth. \Just published, 
"An exhaustive and masterly production. It may be cordially recommended to all students 

and practitioners of dairy science."— A'li?. Agriculturist. 

" We strongly recommend this very comprehensive and carefully-written book to dairy-farmers 

and students of dairyingf. It is a distinct acquisition to the library of the agtic\x\tutist."—A£ricul' 

tural Gazette. 

Agricultural Facts and Figures. 

NOTE-BOOK OF AGRICULTURAL FACTS AND FIGURES 
FOR FARMERS AND FARM STUDENTS. By Primrose McConnell, 
B.Sc. Fifth Edition. Royal 32mo, roan, gilt edges, with band, 4s. 
" Literally teems with information, and we can conUally reconuneod It to all connected with 
mgtiajlxnn."'~North British Agriculturist. 

8nifiU Farming. 

SYSTEMATIC SMALL FARMING; or, The Lessons of my 
Farm. Being an Introduction to Modem Farm Practice for Small Farmers. 
By R. Scott Burn. With numerous Illustrations, crown 8vo, 6s. cloth. 
" This is the completest book of its class we have seen, and one which every amateut fanner 
will lead with pleasure and accept as a guide."— Field. 

Modem Farming. 

OUTLINES OF MODERN FARMING. By R. Scott Burn. 
Soils, Manures, and Crops — Farming and Farming Eiconomy — Cattle, Sheep, 
and Horses — Management of Dairy, Pigs, and Poultry — Utilisation of 
Town-Sewage, Irrigation, &c. Sixth Kdition. In One Vol., 1,250 pp., half- 
bound, profusely Illustrated, 12s. 

" The aim of.the author has been to make his work at once comprehensive and trustworthy 
aiid he has succeeded to a degfree which entitles him to much credit. —ATomtfv Aavertiser, 

Agricultural Engineering. 

FARM ENGINEERING, THE COMPLETE TEXT-BOOK OF. 
Comprising Draining and Embanking ; Irrigation and Water Supply ; Farm 
Roads, Fences, and Gates ; Farm Buildings ; Barn Implements and Ma> 
chines ; Field implements and Machines ; A^icultural Surveying, &c. By 
Prof. John Scott. 1,150 pages, half-bound, with over 600 Illustrations, 12s. 
"Written with great care, as well as with knowledge and ability. The author has done Ills 

woffk wen ; we have found him a very trustworthy guide wherever we have tested his statements. 

The volume will be of great value to agricultural students."— A/orife Lane Express. 

Agricultural Text-Book. 

THE FIELDS OF GREAT BRITAIN: A Text-Book of 
Agriculture, adapted to the Syllabus of the Science and Art Department. 
For Elementary and Advanced Students. By Hugh Clements (Board of 
Trade). Second Edition, Revised, with Additions, xtoio', 2s. 6d. cloth. 
"A most comprehensive volume, giving a mass of intormation."— ^.fWewAMnis/ Econcfnist. 
"It is a long time since we have seen a book which has pleased us more, or which contains 
inch a vast and useful fund of knovri&igfi,"—Educatiimal Times. 

Tables for Farm^erSf etc. 

TABLES, MEMORANDA, AND CALCULATED RESULTS 
for Farmers. Graxiers, Agricultural Students, Surveyors, Land Agents, Auc- 
tioneers, etc. With a New System of Farm Book-keeping. By Sidney Fran- 
cis. Third Edition, Revised. 272 pp., waistcoat- pocket size, is. 6d. leather. 
" Weighing less than z oz., and occupying no more space than a match box, it contains a mass 
of facts and calculations which has never before, in such handy form, been obtainable. Every 
operation on the farm is dealt with. The work may be taken as thoroughly accurate, the whole 
of the tables having been revised by Dr. Fream. We cordially recommend it." — SelCs JVeeklf 
Messenger. 
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Artificial Manures and Foods. 

FERTILISERS AND FEEDING STUFFS: Their Proper- 
ties and Uses. A Handbook for the Practical Farmer. By Bernard Dybr, 
D.Sc. (Lond.) With the Text of the Fertilisers and Feeding Stufb Act of 
1893, the Regulations and Forms of the Board of Agriculture and Notes on 
the Act by A. J. David, B.A., LL.M., of the Inner Temple, Barrister-at-Law. 
Crown 8vo, 120 pages, 15. cloth. [Jtist published, 

" An exeellent shilliuf strorth. Dr. Dyer has done farmers good service in placing at their dis- 
posal so much useful information in so intelligible a fona."—Tke Times. 

The Management of Bees. 

BEES FOR PLEASURE AND PROFIT: A Guide to the 
Manipulation of Bees, the Production of Honey, and the General Manage- 
ment of the Apiary. By G. Gordon Samson. Crown 8vo, is. cloth. 
" The intending bee-keeper will find exactly the kind of Information required to enable him 

to make a successfiu start wiui his hives. The author is a thoroughly competent teacher, and his 

book may be conunended."— J/i^mMV* Post. 

Faa*tn and Estate Book-keeping, 

BOOK-KEEPING FOR FARMERS * ESTATE OWNERS. 
A Practical Treatise, presenting, in Three Plans, a System adapted for all 
Classes of Farms. By Johnson M. Woodman, Chartered Accountant. Second 
Edition, Revised. Crown 8vo, 35. 6d. cloth boards ; or 25. 6d. cloth limp. • 
" The volume is a capital study of a most Important %M\i\wA."—Asrr1cultural Gtufttte. 
The young farmer, land agent, and surveyor will find Mr. Woodman's treatise more tha i* 
rapay its cost and ttoAy. ''—BuiUintr News. 

Farm Account Book. 

WOODMAN'S YEARLY FARM ACCOUNT BOOK. Giving 
a Weekly Labour Account and Diary, and showing the Income and Expen- 
diture under each Department of Crops, Live Stock, Dairy, &c &c. With 
Valuation, Profit and Loss Account, and Balance Sheet at the end of the 
Year. By Johnson M. Woodman, Chartered Accountant, Author of " Book- 
keeping for Farmers." Folio, 7s. 6d, half bound. [cwawv. 
"Contains every requisite form for keeping fimm accounts readily and accurately."— ^^w- 

Ea/rly Fruits, Flowers, and Vegetables, 

THE FORCING GARDEN; or, How to Grow Early Fruits. 
Flowers, and Vegetables. With Plans and Estimates for Building Glass* 
houses. Pits, and Frames. By Samuel Wood. Crown 8vo, 35. 6d. cloth. 

" A good book, and fairly fills a place that was in some d^ree vacant. The book is written with 
great care, and contains a great deal of valuable teaching."— Can^en^rv' Mc^tuine, 

Qood Gardening. 

A PLAIN GUIDE TO GOOD GARDENING ; or. How to Grow 
Vegetables, Fruits, and Flowers. ' By S. Wood. Fourth Edition, with con- 
siderable Additions, &c., and numerous Illustrations. Crown 8vo, 3s. 6d. cl. 
"A very good book, and one to be highly recommended as a practical guide. The practical 

directions are excellent."— ^/A«M«Mm. 

" May be recommended to young gardeners, cottagers, and specially to amateurs, for the 

plain, simple, and trustworthy information it gives on common matters too often neglected."— 

Gardeners' ChranicU. 

Gainful Gardening. 

MULTUM-IN-PARVO GARDENING; or, How to make One 
Acre of Land produce £6ao a-year by the Cultivation of Fruits and Vegetables ; 
also. How to Grow Flowers in Three Glass Houses, so as to realise £176 per 
annum clear Profit. By Samuel Wood, Author of " Good Gardening," &c. 
Fifth and Cheaper Edition, Revised, with Additions. Crown 8vo, is. sewed. 
" We are bound to recommend it as not only suited to the case of the amateur and g«ntl«NBian's 
gavdener, but to the market grower. "^^HintoMrx' MiigaMitu, 

Gardening for Ladies. 

THE LADIES' MULTUM-IN-PARVO FLOWER GARDEN, 
and Amateurs' Complete Guide, With Illusts. By S. Wood. Cr.8vo, 3s. 6d. cl. 

Receipts for Gardeners. 

GARDEN RECEIPTS. Edited by Charles W. Quin. lamo, 
IS. 6d. cloth limp. 

Market Gardening^ 

MARKET AND KITCHEN GARDENING. By Contributors 
to " The Garden." Compiled by C. W. Shaw, late Editor of *' Gardening 
Illustrated." z2mo , 3s. 6d. cloth boards. 
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AUCTIONEERING, VALUING, LAND SURVEYING 

ES TATE AGENCY, e tc. 

Auctioneer's Assistant. 

THE APPRAISER, A UCTIONEER, BROKER, HOUSE AND 
ESTATE AGENT AND VALUER'S POCKET ASSISTANT, for the Valua* 
tion for Purchase, Sale, or Renewal of Leases, Annuities and Reversions, and 
of property generally; with Prices for Inventories, &c. Bv John Whbblbr, 
Valuer, &c. Sixth Edition, Re-written and greatly extended by C. Norms, 
Surveyor, Valuer, &c. Royal samo, 5s. cloth. 

" A neat and concise book of reference, containing an admirable and clearly-arranged list of 
prices for inventories, and a very practical guide to determine the value of (wndture,SK."—'Stafulartl, 
" Contains a lanre quantity of varied and useful information as to the valuation for purchase^ 
Mle, or renewal of leaises, annuities and reversions, and of property eenendly. with prices foi 
Inventories, and a guide to determine the value of interior fittings and ottUHr effects."— ^im^Ucr. 

Auctianeertng, 

AUCTIONEERS: THEIR DUTIES AND LIABILITIES. 

A Manual of Instruction and Counsel for the Young Auctioneer. By Robert 
SguiBBS, Auctioneer. Second Edition, Revised and partly Re-written. Demy 
8vo, izs.Cd. cloth. 

\* Opinions of thb Press. 

" The standard text-book on the topics of which it tnats."—Athefueum. 

" The work is one of general excellent character, and gives much information in a compen- 
dious and satisfactory form." — Builder. 

" May be recommended as giving a great deal of information on the law relating te 
auctioneers, in a very readable form."— Zaw journal. 

" Auctioneers may be congratulated on having so pleasing a writer to minister to their special 
nMdB."—Soiiciiory y0umal. 

"Every auctioneer ought to possess a copy of this excellent work."— /rwtwuwvw. 

" Of great value to the profession. . . . We readily welcome this book from the fact that It 
treats the subject in a manner somewhat new to the profession." — EstaUs Ganettc. 

In/wood's Estate Tables. 

TABLES FOR THE PURCHASING OP ESTATES, Freehold, 
Copyhold, or Leasehold; Annuities, A dvowsons, etc., usid for the Renewing of 
Leases held under Cathedral Churches, Colleges, or other Corporate bodieSi 
for Terms of Years certain, and for Lives ; also for Valuing Reversionary 
Estates, Deterred Annuities, Next Presentations, &c. ; together with Smart's 
Five Tables of Compound Interest, and an Extension of the same to Lower 
and Intermediate Rates. By W. Inwood. a4th Edition, with considerable 
Additions, and new and valuable Tables of Logarithms for the more Difficult 
Computations of the Interest of Money, Discount, Annuities, &c., by M. Fbdob 
Thoman, of the Soci^t^ Credit Mobiuer ot Paris. Crown 8vo, 8s, cloth. 
"Those interested in the purchase and sale of estates, and in the adjustment of compensation 

cases, as well as in transactions in annuities, life insurances. Ac. will find the present edition of 

eminent service."— fifV'^M««r«n^. 

" ' Inwood's Tables ' still maintain a most enviable reputaLon. The new issue has been enriched 

by arge additional contributions.!^ M. Fedor Thoman, whose carefully arranged TaUes cannot 

fUl tobe of the utmost utiaty,"— Mining yaurttai. 

AarictUtu/ral Valuer's Assistant. 

THE AGRICULTURAL VALUER'S ASSISTANT. A Prac- 
tical Handbook on the Valuation of Landed Estates ; including Rules and 
Data for Measuring and Estimating the Contents, Weights, and Values of 
Agricultural Produce and Timber, and the Values of Feeding Stufb, 
Manures, and Labour; with Forms of Tenant-Right- Valuations, Lists of 
Local Agricultural Customs, Scales of Compensation under the Agricultural 
Holdings Act, &c. &c. By Tom Bright, Agricultural Surveyor. Second 
Edition, much Enlarged. Crown 8vo, 5s. cloth. 
" Full of tables and examples in connection with the valuation of tenant-right, estates, labow, 

contents, and weights of timoer, and farm produce of afl kinds."— A^yicuUural GoMttte. 

" An eminently practical handbook, full of practical tables and .data of undoubted intWMt tad 

value to surveyors and auctioneers in preparing valuaticms of all kinds.'— ^armMT. 

Blantations and Underwoods. 

POLE PLANTATIONS AND UNDERWOODS: A Practical 

Handbook on Estimating the Cost of Forming, Renovating, Improving, and 

Grubbing Plantations and Underwoods, their Valuation for Purposes of 

Transfer, Rental, Sale, or Assessment. By Tom Bright, Author of 

" The AgriculturalValuer's Assistant," &c. Crown 8vo, 3s. 6d, cloth. 

" To valuers, foresters and agents it will be a welcome aiiA."— North British A^ricuUMrist, 

"Well calculated to assist the valuer in the discharge of his duties, and of undoubted Intei 

a id UM both to surveyors and aucttoneers in praparing valuations of all kinds."— JKrw/ Havla, 
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Hiidsan's Land VaUuer^s Pocket-Book, 

THE LAND VALUER'S BEST ASSISTANT: Being Ta bleb 
on a very much Improved Plan, for Calcalatin|; the Value of Estates. With 
Tables for reducing Scotch, Irish, and Provincial Customary Acres to Statute 
Measure, &c. By R. Hudson, CB. New Bdition. Royal 32mo. 45. leather. 
" Of incalculable value to the country gentleman and professional vaaa."— Farmers' journal, 

EwarPs La/nd Impraver^s JPocket^Booh, 

THE LAND IMPROVER'S POCKET-BOOK OF FORMULA, 
TABLES, and MEMORANDA required in any Computation relating to the 
Permanent Improvement of Landed Property, By John Ewart, Surveyor. 
Second Edition. Royal samo, 4s. leather. 

<}onmlete AgriciuturcU Surveyor's JPocket^Book. 

THE LAND VALUER'S AND LAND IMPROVER'S COM- 
PLETE POCKET-BOOK. Being of the above Two Works bound together. 
Leather, with strap, 7s, 6d. 

House Property. 

HANDBOOK OF HOUSE PROPERTY. A Popular and Practi- 
cal Guide to the Purchase, Mortgage, Tenancy, and uompulsory Sale of 
Houses and Land, including the Law of Dilapidations and Fixtures ; with 
Examples of all kinds of Valuations, Useful Information on Building, and 
Suggestive Elucidations of Fine Art. By E. L. Tarbuce, Architect and 
Surveyor. Fifth Edition, Enlarged. i2mo, 55. cloth. 
" The advice Is thoroufirhly practlcaL"— Ziorw yoHmoL 

" For an who have dealings with house property, this is an indispensable guide."— iVcMvA^n. 
" CaiafuIW brought up to date, and much improved by the addition of a division on line 
art. . . . A well-written and thoughtftd work."— X^M4/i<^«M/'f^cvn<. 



LAW A ND MISCELLA NEOUS. 

Joumalisnii 

MODERN JOURNALISM. A Handbook of Instruction and 
Counsel for the Young Journalist. By John B. Mackie, Fellow of the Insti- 
tute of Journalists. Crown 8vo, as. cloth. [Just published. 
'* This invaluable guide to journalism is a work which all aspirants to a journalistic career wil 
read with advaintAge."—yot*r>ta/isL 

JPrivate Bill Legislation and Provisional Orders. 

HANDBOOK FOR THE USE OF SOLICITORS AND EN- 
GINEERS Engaged in Promoting Private Acts of Parliament and Provi- 
sional Orders, for the Authorization of Railways, Tramways, Gas and Water 
Works, tec. By L. Livingston Macassey, of the Middle Temple, Barrister- 
at-Law, M.lnst.C.E. 8vo, 2ss. cloth. 

Law of Patents. 

PATENTS FOR INVENTIONS, AND HOW TO PROCURE 
THEM. Compiled for the Use of Inventors, Patentees and others. By 
G. G. M. Hardimgham, Assoc.Mem.Inst.C.E., &c. Demy 8vo, is. 6d, cloth. 

Labour IHsputes, 

CONCILIATION AND ARBITRATION IN LABOUR DIS 
PUTES : A Historical Sketch and Brief Statement of the Present Position 
of the Question at Home and Abroad. By J. S. Jeans, Author of "England's 
Supremacy," &c. Crown 8vo, 200 pp.. as. 6d. cloth. [Just puhlished. 

" Mr. Jeans is well qualified to write on this subject, both by his previous books and by his 
practical experience as an arbitrator."— r/re Times. 

Pocket'Book for Sanitary Officials. 

THE HEALTH OFFICER'S POCKET-BOOK: A Guide to 
Sanitary Practice and Law. For Medical Officers of Health, Sanitary In- 
spectors, Members of Sanitary Authorities, &c. By Edward F. Willoughby, 
M.D. (Lond.), &c.. Author of " Hygiene and Public Health." Fcap. 8vo, 
ys. 6d. cloth, red edges, rounded corners. IJust published 

" A mine of condensed information of a pertinent ^d useful kind on the various subjects of 

which it treats. The matter seems to have been carefully compiled and arranged for facilityo ' 

reference, and it is well illustrated by diacframs and woodcuts. The different subjects are 

succinctly but fully and scientifically dealt •with."— The Lancet. 

" An excellent publication, dealine with the scientific, technical and legal matters connected 

with the duties of medical officers of health and sanitary inspectors. The work is replete with 

information."— Z,<»««/ Goverrtmeut yourttal. 



4^ CROSBY LOCK WOOD «• SON'S CATALOGUE. 

A Complete Epitome of the Laws of this Cowntry. 

EVERY MAN'S OWN LAWYER: A Handy-Book of the 
Principles of Law and Equity. With A CONCISE DICTIONARY 
OF LEGAL TERMS. By A Barrister. Tl)irty-second Edition, carafoliy 
Revised, and including New Acts of Parliament of 1S94. Comprising the 
Local Government Ad, 1894 (establishing District and Parish Councils) ; 
Finance Act, 1894 (imposing the New Death Duties) ; Merchant Shipping Act, 
1894 ; Prevention of Cruelty to Children Act, 1894; Building Societies Act, 1894 ; 
Notice of Accidents Act, 1891; Sale of Goods Act, 1893 ; Voluntary Conveyance* 
Act, 1893 ; Married W^mens Property Act, 1893 ; Trustee Act, 1893 ; Fertiliser 
and Feeding Stuffs Act, iSoj; Betting and Loans (Infants) Act, 1892; Shop 
Hours Act, jigz\ Small Holdings Act, 1892; and many other important new 
Acts. Crown 8vo, 750 pp., price 6s. 84. (saved at every consultation 1 ), 
strongly bound in cloth. [Just published. 

*^* The Book trill befoimd to comprise {amongst other matter) — 

The Rights and Wrongs op individuals— landlord and Tenant— Vendors 
AND PURCHASERS— Leases and mortgages— principal and Agent— Partnership 
and companies— Masters;, Servants, and workmen— Contracts and agreements 
—Borrowers, lenders, and Surstibs>-Sale and purchase of Goods— Cheques, 
Bills, and notes— Bills of Sax,b—Bankruftcy— railway and Shipping Law- 
Life, Fire, and Marine insuiianc»— Accident and fidelity insurance— Criminal 
law— parliamentary elections— county councils— district councils— parish 
Councils— Municipal Corporations— Libel and slander— Public Health and 
nuisances— copyright, patent^ trade marks— husband and wifk— divorce- 
infancy— custody of children — trustees and executors — clergy, church- 
WARDENS. ETC.— Game Laws and Sporting-Innkeepers— Horses and dogs— Taxes 

AND DEATH DUTIES— FORMS OF AGREEMENTS. WILLS, CODICILS, NOTICES, ETC. 



The object of this work is to enable those who consult it to help them- 
selves to the law; and thereby to dispense, as far as possible, with professional 
assistance and advice. There are many wrongs and grievances which persons sub- 
mit to from time to time through not knowing now or where to apply for redress ; and 
many persons have as great a dread of a lawyer^s office as of a l%on*s den. With this 
book at hand it is believed that many a Siz*and-Eightpencb may be saved ; many 
a wrong redressed ; many a right reclaimed; many a law suit avoided ; and many 
an evil abated. The work has established itself as the standard legal adviser of aU 
classes, and has also made a reputation for itself as a useful book of reference for 
lawyers residing at a distance from law librartes, who are glad to nave at hand a 
work embodying recent decisions and enactments. 

%* OpINIOMS OF THE PrESS. 

** A c jmplete code of EngrUsh Law, written in plain language, which all can understand. 
Should be in the hands of every business man, and all who wish to abolish lawyers' bills. . . ." 

iVteJUy Times. 
*' A useful and concise epitome of the law, compiled with considerable care."— Law MaguHn*. 
"A complete digest of the most useful facts which constitute Engrlish ]Ayr."— Globe. 
"Admirably done, admirably arranged, and admirably tAneKp."— Leeds Mercury. 

** A condse, cheap and complete epitome of the English law. So plainly written that he who 
tuns may read, and he who reads may understand."— ^^ar^. 

"The latest edition of this popular book ought to be in every business establishment, and 00 
every library xa^At."— Sheffield Post. 

" A complete epitome of the law ; thoroughly intelligible to non-professional readers." 

Beies Lift. 

liegal Guide far Pawnbrokers^ 

THE LAW OF LOANS AND PLEDGES. With Statutes 
and a Digest of Cases. By H. C. Folkard, Esq., Barrister-at-Law. Fcap. 
8vOi 3S. 6d. cloth. 

27^0 Law of Contracts. 

LABOUR CONTRACTS : A Popular Handbook on the Law 
of Contracts for Works and Services. By David Gibbons. Fourth Edition, 
Appendix of Statutes by T. F. Uttlby, Solicitor. Fcap. 8vo,^i. 6d, cloth. 

The Factory Acts. 

SUMMARY OF THE FACTORY AND WORKSHOP ACTS 
(1878-1891). For the Use of Manufacturers and Managers. By Emilb 
Garcke and J. M. 1*ells. (Reprinted from •' Factory Accounts.*') Crown 
8vo, 6d, sewed. 

OODBN, SMALB AND CO. UMXTBD, FRIRTBES, GREAT SAFFRON HILL, B.C. 



WIAWS SGiEKTJfW & UeiHHGAL 8£M£^. 

MAar«BM4TiC6b ARITHMCTiC* «:c. 

Geometry, Descriptive. J. F. Heatsxb • « . 2/- 

Practical Plane Geometrir. J. F. HsAiaiBB* . . 2/7 

Analytical Geometry. J. Hakk & J. R. Youmo* . 3/- 

Geometry. Part I. (Eudid, Bks. I.-^III.) H. liAW 1/6 
Part II. (JCuoMd, Books IV*, V., VJ., XIh 
XII.). H. Law . • . . .1/6 

Geometry, in i y«1. (EacJid's EJiwiaDto) • . . . 2/6 
Plane Trigonometry. J. Hann . . .1/6 

Spharioal Trigonom^ry. J. Him»c . . . i/- 

The above 2 vols., bound together ... % 2/6 

Differential Calculus. W. S. B. Woolbovse . . 1/6 

Integral Calculus. H. Cox i/~ 

Integral Calculus. J. Haivn i/- 

Algebra. J. Haddon 2/- 

Key to ditto ... . . . . . 1/6 

Book-keeping. J. Haddok 1/6 

Arithmetic. J. B. Young 1/6 

Key to ditto 1/6 

Equational Arithmetic. W. H^pklbt . . . 2/- 

Arithmetic. J. Haddon 1/6 

Key to ditto .1/6 

Mathematical Instruments. Hjsathsr l( Walm islbt 2/- 

Drawing & Measuring Instruments. J. F. Bjbathbk 1/6 
Optical Instruments. J. F. Hsathxr . . .1/6 
Surveying dk Astronomical Instruments. J. F. 

Heather 1/6 

The above 3 vols., bound together .... 4/6 

Mensuration and Measuring. T. Baker . . • 1/6 

Slide Rule, & How to Use it. 0. Hoars . 2/6 

Measures, Weights, & Moneys. W. S. B. Woolhouse 2/6 



Logarithms, Treatise on, with Tables. • H. Law 
Compound Interest and Annuities. F. Thojcan 
Compendious Calculator. B. OHStosMAV 

Mathematics. F. Campik 

Astronomy. R. Main & W. T. Ltjin . 
Statics and Dynamics. T. BiAKsr 



3/- 
4/- 
2Jf6 

3/- 
1/6 



CROSBY LOCKWOOD h SON, 7. Stationers' Hall Court, E.C. 



WEALE'S SCIENTIFIC d TECHNICAL SERIES. 



BUILDING & ARCHITECTURE. 

Building Estates. F. Maitland • 2/- 

Sciencs of Building. £. W. Tark . • • 3/6 

Building, Art of. £. Dobson 2/- 

Book on Building. Sir E. Biokstt . . 4/6 

Dwelling Houses, Erection of. S. H. Bbookb . 2/6 

Oottage Building. 0. B. Allek 2/- 

Acoustics of Public Buildings. Prof. T. R. Smith . 1/6 

Practical Bricklaying. A. Hammond . . . . 1/6 
Practical Brick Cutting & Setting. A. Hammond. 

Brickwork. F. Walker 

Brick and Tile Making. E. Dobson. 



1/6 
1/6 

3/- 
Practical Brick & Tile Book. Dobsov ft Hammond 6/- 



Carpentry and Joinery. T. Tredgold k E. W. Tarn 

Atlas of 35 plates to the above . 
HandraHing, and Staircasing. 6. Collikgs 
Circular Work in Carpentry. G. Oollinos 
Roof Carpentry. G. Collinos . 
Construction of Roofs. E. W. Tarn . 
Joints used by Builders. J. W. Christy 
Shoring. G. H. Blagroye 



3/6 
6/- 
2/6 
2/6 

2/- 
1/6 

3/- 
1/6 

Timber Importer's & Builder's Guide. R. £. Grandt 2/- 

Plumbing. W. P. Buchan 3/6 

Ventilation of Buildings. W. P. Buchan . 3/6 

Practical Plasterer. W. Kemp 2/- 

House-Painting. £. A. Davidson • 5/~ 

Elementary Decoration. J. W. Faoby . . . . 2/- 

Practical House Decoration. J. W. Facet . 2/6 

Gas-Fitting. J. Black 2/6 

Warming and Ventilation. C. Tomlinson . 3/- 

Portland Cement for Users. H. Faija . . 2/- 

Limes, Cements, & Mortars. G. R. Burnell 1/6 

Masonry and Stone Cutting. £. Dobson . . . 2/6 

Arches, Piers, and Buttresses. W. Bland 1/6 

Quantities and Measurements. A. C. Beaton . . 1/6 

Complete Measurer. R. Horton . • 4/~ 

Light, for use of Architects. £. W. Tarn . . 1/6 

Hints to Young Architects. Wiobtwick & Gttillaitme 3/6 
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WEALE'S SCIENTIfIC A TEGHNICAL SERIES. 

BUILDING & ARCHITECTURE— eontil. 

Dictionary of Architectural Terms. J. Wk*le . s/- 
Architecture, Orders. W. H, Leedb . . . i/6 

Architecture, Styles. T. T. Bubt , . a/- 

ThB above 2 toIs., bound together . . , . 3/6 
Architecturi 

Theabo^ 
Architecture 
Vrtruvius 
Grecian Ar^ 

The abcJ 
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Goldsmit 
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Brass Fc 

House dL™. __ _, ,. ,..___.. 

Letts r>Pa in ting Made Easy. J. G. Baskkoch . 

Boot and Shoa^-jjjng. i- B. Lbno . 

Wood Engr«v;^'^t'*jiy 
Uundry M«o. - 




